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Preparation  and  Care  of  the  Area 
Postrema-Lesioned  Cat 

A.L.  CHEDESTER 

A. C.  BAKARICH 

B. M.  RABIN 
R.E.  BANKS 

C. L.  HADICK 

Armed  Forces  Radiobiology  Research  Institute 

Division  of  Veterinary  Medicine 

Bethesda,  MD  20814 

Abstract  The  area  postrema  (AP)  is  being  widely  studied  to  delineate  its  role 
in  such  varied  functions  as  blood  pressure  regulation,  conditioned  taste  aver¬ 
sion.  water  and  energy  balance,  and  radiation-induced  emesis.  This  paper  de¬ 
scribes  the  preoperative  preparation,  surgical  procedure,  and  postoperative 
care  of  cats  kept  long-term  in  which  the  AP  was  lesioned  by  electrocautery.  A 
dorsal  midline  approach  under  gas  anesthesia  allowed  access  to  selectively 
lesion  the  AP.  Cats  fully  regained  consciousness  the  same  day  and  many  be¬ 
came  homeostatic  within  24-48  h.  Results  of  experiments  using  this  model 
demonstrate  the  usefulness  and  effectiveness  of  the  technique  for  model  prep¬ 
aration. 

The  area  postrema  (AP)  is  a  small  circumventricular  organ  located  near  the  junc¬ 
tion  of  the  4th  ventricle  and  the  spinal  canal. '-2  It  is  recognized  as  an  emetic 
chemoreceptor  trigger  zone.1-4  and  has  been  studied  for  its  role  in  widely  varied 
functions  including  blood  pressure  regulation.'  cond  .  d  taste  aversion.6-7 
water  and  energy  balance.8  and  radiation-induced  ernes.  ’ 

Previous  descriptions  of  the  preparation  of  AP-lesio;..  .nimals  have  given 
only  brief  coverage  of  the  preoperative  preparation,  surgical  procedure,  and  post- 
surgical  care.10-11  This  technique  was  developed  during  the  preparation  of  31  cats 
foi  AP  studies  with  three  primary  objectives  in  mind:  to  minimize  the  pain  or 
stress  experienced  by  the  subject  animal,  to  reduce  the  number  of  animals  re¬ 
quired  for  Ar  studies,  and  to  increase  the  success  rate  of  the  preparation  for  more 
valid,  consistent  research  subjects.  An  evolution  of  improvements  in  anesthesia, 
surgical  technique,  and  postoperative  care  occurred  during  the  course  of  this 

I  h. >  work  w^is  supported  by  the  Armed  Forces  Radiobiolog}  Research  Institute.  De¬ 
fense  Nuclear  Agency,  under  wmk  urit  B4I23  Views  presented  in  this  paper  are  those  of 
the  authors;  no  endorsement  by  the  Defense  Nuclear  Agency  h.r  been  given  or  should  be 
inferred.  Research  was  conducted  according  to  the  principles  enunciated  in  the  Guide  for 
the  Care  and  Use  o]  Laboratory  Animals.  Institute  of  Laboratory  Animal  Research.  Na¬ 
tional  Research  C  ouncil.  N1H  Pub.  No.  85-23. 
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study.  This  report  describes  the  preferred  approach  for  successful  development  of 
the  AP-lesioned  cat. 


Materials  and  Methods 

Thirty-one  purpose-bred  cats"  (Felis  domesticus)  of  either  sex,  weighing  2. 0-5. 5 
kg.  were  quarantined  for  2  weeks  on  arrival  and  screened  for  evidence  of  disease. 
All  cats  received  a  thorough  physical  examination,  including  hematology,  parasi¬ 
tology,  and  serum  chemistries.  The  cats  were  maintained  in  an  AAALAC*  ac¬ 
credited  facility  in  stainless  steel  individual  cages  with  litter  boxes  and  resting 
benches.  The  cats  were  provided  commercial  dry  cat  chow  and  tap  water  ad  li¬ 
bitum.  Animal  holding  rooms  were  maintained  at  21  ±  2  °C.  with  50  ±  10% 
relative  humidity,  and  10  air  changes  per  hour  of  100%  conditioned  fresh  air.  The 
cats  were  on  a  12:12  light/dark  full  spectrum  lighting  cycle  with  no  twilight. 

An  electrocautery  unit'  with  a  variable  current  control  was  used  with  a  fine 
wire-tipped,  insulated  hand  probe  to  cauterize  the  AP.  The  unit  had  control  set¬ 
tings  from  1  to  10.  When  cauterizing  the  AP.  the  control  was  tested  at  each  use, 
but  was  consistently  set  at  slightly  below  1. 

A  standard  small-animal  minor  surgical  pack12  was  supplemented  with  instru¬ 
ments  shown  in  Figure  I .  The  retractor/elevator  was  fashioned  from  a  strip  of 
surgical  steel  7  mm  x  18  cm  x  I  mm.  The  ends  were  ground  to  widths  of  2  and  3 
mm,  their  edges  rounded,  and  the  tips  bent  as  shown. 

Food  was  withheld  after  4  p.m.  the  day  preceding  surgery,  but  water  was 
provided  through  the  night.  Preoperative  medications  provided  the  morning  of 
surgery  included  ampicillin  (6.6  mg/kg  im),  dexamethasone  (2.2  mg/kg  im),  and 
glycopyrrolate  (0.011  mg/kg  sc).  Anesthesia  was  accomplished  using  halothane 
gas  delivered  via  a  face  mask.  The  animals  were  then  intubated  and  maintained 
on  0.75-1.5%  halothane  in  67%  nitrous  oxide  and  33%  oxygen. 

Once  anesthesized,  the  hair  was  clipped  from  the  surgical  site  and  the  cat  was 
positioned  in  a  stereotaxic  apparatus  with  towels  placed  under  the  sternum  to 
relieve  all  the  body  weight  from  the  ear  bars  (Fig  2).  An  esophageal  stethoscope 
was  placed  to  monitor  heart  rate  and  respiratory  characteristics.  An  ophthalmic 
ointment''  was  placed  in  each  eye  and  the  surgical  site  was  prepared  for  aseptic 
surgery. 

A  midline  incision  was  made  from  just  rostral  to  the  external  occipital  protu¬ 
berance  caudally  to  the  level  of  the  third  cervical  vertebra.  The  fascia  joining  the 
superficial  cervical  muscles  was  incised  and  the  muscles  were  separated.  A 
blunt-pronged  Weitlander  retractor  was  used  to  provide  access  to  the  deeper  cer¬ 
vical  muscles  (Fig  3).  The  deep  cervical  muscles  were  incised  on  the  midline  over 
the  occipital  and  atlas  bones.  Care  was  taken  while  incising  the  deep  cervical 
muscles  to  avoid  incising  the  dura  mater  overlying  the  cisterna  magna.  The  peri¬ 
osteum  was  elevated  from  the  occipital  bone  using  a  periosteal  elevator.  A  cross- 

“Liberty  Laboratories.  New  Jersey. 

'’American  Association  for  the  Accreditation  of  Laboratory  Animal  Care.  Bethesda. 
MD. 

'"(jeigci  hlectrocautery.  Model  200,  Series  183,  Geiger  Inc,  Philadelphia.  PA. 

■'Bacitracin-Neomycin-Polymyxin  Ophthalmic  Ointment,  Pharmaderm.  Melville,  NY. 
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Figure  1.  Special  AP  surgical  instruments  included  A.  iris  forceps,  4-in.,  half  curved;  B, 
Nugent  utility  forceps;  C,  Roboz  dura  twist  hook;  D,  Von  Grafe  cystotome;  E,  cross  clamp 
retractors;  F,  Stevens  tenotomy  scissors,  4l/2-in.-long,  straight,  blunt  points;  G,  combina¬ 
tion  retractor/elevator. 


clamp  4’/2-in.  blunt-pronged  retractor  (oriented  180°  from  the  Weitlander  re¬ 
tractor)  was  used  to  retract  the  deep  cervical  muscles. 

The  spine  of  a  No.  15  scalpel  blade  was  used  to  scrape  the  attachment  of  the 
dura  mater  from  the  occipital  edge  of  the  foramen  magnum.  This  allowed  the  dura 
to  retract  from  the  edge  of  the  occipital  bone.  The  2-mm  end  of  the  retractor/ele¬ 
vator  was  used  to  separate  the  dura  from  the  inner  plate  of  the  occipital  bone  by 
using  delicate  semicircular  movements.  The  dura  was  detached  from  the  occipital 
bone  a  few  millimeters  at  a  time.  A  rongeur  was  used  to  remove  the  stripped 
portion  of  the  occipital  bone.  At  the  tentorium  process,  the  rongeur  was  placed  at 
such  an  angle  that  only  part  of  the  thickness  of  the  process  was  taken  in  each  bite 
(Fig  4).  Upon  completion,  the  occipital  bone  defect  was  approximately  1  cm  wide 
and  extended  from  the  foramen  magnum  to  within  3-4  mm  of  the  external  occip¬ 
ital  protuberance  (Fig  5).  Strict  hemostasis  was  achieved  using  bone  wax  and  the 
area  was  rinsed  thoroughly  with  saline.  The  posterior  cerebellum  and  dorsal 
aspect  of  the  brainstem  could  be  visualized  clearly  through  the  intact  dura  mater. 

The  dura  was  incised  by  using  the  Roboz  dura  twist  hook  to  elevate  the  dura 
over  the  cistema  magna  and  making  a  stab  incision  with  a  No.  II  scalpel  blade. 
The  incision  was  then  extended  cranially  and  caudally  with  a  pair  of  tenotomy 
scissors.  While  incising  the  dura  over  the  vermis  of  the  cerebellum,  careful  lifting 
of  the  dura  with  the  lower  jaw  of  the  scissors  separated  the  dura  and  vermis  and 
prevented  bruising  or  cutting  of  the  vermis. 

Once  the  dura  was  incised,  a  stereoscopic  operating  microscope  (4-6  x )  was 
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Figure  2.  Proper  stereotaxic  positioning  for  AP  surgery.  It  is  important  to  maintain  a  very 
stable  position  of  near  maximal  flexion  of  the  alantoccipital  joint  to  provide  adequate  visu¬ 
alization  of  the  area  postrema.  Access  must  be  available  to  the  anesthetist  to  monitor  vital 
signs. 

positioned  over  the  patient.  The  3-mm  end  of  the  retractor/elevator  was  used  to 
gently  elevate  the  vermis.  The  caudal  medullary  vellum  then  became  apparent  as 
a  thin  film.  For  the  most  part,  it  pulled  apart  as  the  vermis  was  elevated.  Thicker 
strands  were  cut  using  a  4y4-in.  Von  Graefe  cystotome  with  a  1-mm  blade,  taking 
care  to  avoid  blood  vessels.  Elevation  of  the  vermis  exposed  the  tela  choroidea 
which  was  incised  using  the  cystotome.  The  cerebrospinal  fluid  (CSF)  was 
sponged  from  the  fourth  ventricle  using  dental  sponge  spears  or  prewetted, 
squeezed,  and  shaped  4-mm-diameter  surgical  cotton  pledgets. 

After  the  CSF  was  removed,  the  AP  was  visualized  as  a  gray/tan,  slightly 
elevated,  wing-shaped  structure  on  the  ventrocaudal  wall  of  the  fourth  ventricle, 
extending  bilaterally  from  the  obex  for  2-3  mm  (Fig  6).  Vascularization  of  the  AP 
was  much  mure  prominent  than  in  the  surrounding  tissue.  Prior  to  cauterizing  the 
AP,  one  or  two  prewetted  and  squeezed  4-mm-diameter  cotton  pledgets  were 
placed  hetween  the  fourth  ventricle  and  the  cerebellum  to  elevate  the  vermis  and 
absorb  CSF  coming  from  the  cerebral  aqueduct. 

Following  a  method  demonstrated  by  Borison,4  the  electrocautery  was  set 
such  that  the  tip  did  not  become  red  hot  but  just  barely  produced  a  slight  pinpoint 
"tanning”  when  touched  against  muscle.  The  cautery  tip  was  then  carefully 
swept  across  the  AP  until  ail  parts  had  become  denatured  to  the  desired  degree. 
Generally,  one  controlled  pass  was  satisfactory  for  lesion  creation.  Control  sub¬ 
jects  were  prepared  identically  to  the  AP-leGoned  animals  except  the  electrocau¬ 
tery  tip  was  not  heated  while  touching  the  AP.  To  allow  some  intraoperative  esti¬ 
mate  of  the  AP  damage  effected  by  cautery,  a  grading  system  (0  to  5)  was  de¬ 
veloped  by  the  authors,  as  shown  in  Table  1.  Although  subjective,  this  provided  a 
means  of  estimating  the  extent  of  the  lesion  intraoperatively.  With  the  cautery  tip 
set  as  described,  one  slow  pass  over  the  AP  created  a  grade  I  or  grade  2  lesion. 


I 
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Figure  3.  AP  surgical  field:  superficial  level.  The  handles  of  the  Weitlander  retractors  are 
oriented  ventroeaudally.  while  those  of  the  cross  clamp  retractors  are  oriented  dorsally.  A. 
cross  clamp  retractors:  B.  occipital  hone;  C.  dura  mater  overlying  the  cisterna  magna;  D. 
deep  cervical  muscles;  E.  superficial  cervical  muscles;  F,  skin:  G.  Weitlander  retractors. 


Three  or  more  passes  were  required  to  create  a  grade  5  lesion.  Histopathologic 
features  of  lesions  created  have  been  previously  described  by  Rabin  ct  al.6,7 

After  cauterizing  the  AP.  hemostasis  was  checked,  cotton  pledgets  were  re¬ 
moved.  and  the  surgical  area  was  flushed  gently  with  saline.  The  incision  through 
the  dura  was  left  open.  The  first  layer  of  closure  included  only  the  deep  cervical 
muscles,  while  the  second  layer  included  superficial  cervical  muscles.  Both 
layers  were  closed  with  a  simple  continuous  suture  pattern  using  a  synthetic  ab¬ 
sorbable  suture  with  a  swedged-on  atraumatic  needle.  The  skin  was  closed  using 
an  absorbable  suture  with  a  swedged-on  reverse  cutting  needle  in  a  continuous 
subcuticular  pattern.  The  anesthetic  gases  were  removed  and  the  animal  was  left 
on  KKK7  oxygen  for  5  min  before  returning  it  to  room  air. 

The  cats  were  extubated  as  laryngeal  reflexed  returned.  They  were  placed  in 
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Figure  4.  Rongeur  angles  during  AP  surgery.  It  is  important  that  the  angle  of  the  rongeurs 
be  rotated  to  bite  through  only  part  of  the  tentorium  process  of  the  occipital  bone  or 
bruising  of  the  cerebellum  may  occur.  (A)  Rongeur  angle  at  the  foramen  magnum;  (B) 
rongeur  angle  at  the  tentorium  process. 

their  cage  when  they  could  maintain  sternal  recumbency.  During  recovery  an 
anti-inflammatory  ointment*'  was  applied  in  each  ear.  Supplemental  cage  heat 
(40  °C)  was  provided  via  a  recirculating  hot  water  blanket  and  withdrawn  when 
the  cat’s  rectal  temperature  regained  38.6  ±  1  °C  for  48  h. 

Postoperative  medications  included  ampicillin.  dexamethasone,  and  when  in¬ 
dicated,  butorphanol  tartrate.  Ampicillin  (6.6  mg/kg)  was  administered  twice 
daily  for  6  days.  It  was  given  im  until  the  appetite  returned,  and  was  then  given 
orally.  Dexamethasone  was  administered  once  daily  as  an  im  injection  at  a  rate  of 
2.2  mg/kg  for  2  days  postoperatively,  followed  by  l.J  mg/kg  for  2  days.  Butor¬ 
phanol  tartrate^  (0.055  mg/kg,  sc)  was  provided  at  the  first  sign  of  discomfort. 

The  remaining  postoperative  care  involved  monitoring  the  rectal  temperature, 
food,  and  water  intake.  Cats  that  were  anorectic  48  h  after  surgery  were  given 
20-50  mL  of  a  3: 1  mixture  of  water  and  a  high-caloric  liquid  food  supplement*  by 
gastric  gavage  twice  daily. 

Results  and  Discussion 

With  increasing  federal,  social,  and  scientific  pressures  to  refine  experimental 
techniques  and  reduce  the  number  of  animals  required  in  experiments,  it  was  felt 
that  an  improved  technique  could  be  achieved. 

In  the  authors'  experience,  the  use  of  pentobarbital  anesthesia  for  AP  surgery 
requires  mechanical  ventilation  during  surgery,  results  in  an  extended  recovery 
time,  delay*  self-feeding,  and  retards  adequate  thermoregulation.  Induction  with 
an  ultra-short-acting  anesthetic,  such  as  thiamvlal  sodium  2.59 f.  and  maintenance 
on  halothane  gas  will  reduce  recovery  time,  but  may  be  accompanied  by  transi¬ 
tory  apnea.  The  use  of  halothane  for  induction  and  maintenance  eliminates  the 
need  for  mechanical  ventilation  and  significantly  reduces  recovery  time. 


'Panalog  Ointment.  E.R.  Squibb  &  Sons  Inc.  Princeton.  NJ. 
^Butorphanol  Tartrate,  Bristol  Laboratories,  Syracuse.  NY. 
*STAT-VME,  Pharniacal  Inc,  Pensacola,  FL. 
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The  cats  generally  regained  laryngeal  reflexes  and  were  extubated  5-7  min 
after  skin  closure,  regained  sternal  recumbency  within  20  min,  and  were  able  to 
walk  within  30-50  min.  The  cats  were  generally  alert  and  active  in  the  morning 
after  surgery  and  began  self-grooming  within  48  h.  Four  cats  began  eating  the  first 
day  postoperative,  although  most  did  not  begin  spontaneous  feeding  until  day  2, 
3,  or  4.  Two  cats  were  observed  to  initiate  self-feeding  on  day  5.  Almost  all  cats 
could  thermoregulate  normally  witin  24  h.  and  none  required  supplemental  heat 
after  48  h.  Except  for  anorexia,  all  cats  were  fully  recovered  within  3  days  with 
no  discernable  effect  on  locomotion,  respiration,  heart  rate,  behavior,  or  other 
clinically  observed  parameters. 

A  total  of  5  cats  were  lost  during  the  entire  study,  all  of  which  occurred  early 
in  the  development  phase  of  this  technique.  Two  animals  experienced  intraopera¬ 
tive  death  and  three  other  animals  were  euthanitized  following  aspiration  of  vo- 
mitus  related  to  gastric  gavage. 

Objective  determinations  of  pain  or  discomfort  are  difficult  in  the  cat.  We 
monitored  appetite,  ataxia,  scratching  at  the  incision  line,  lethargy,  eye  squinting, 
and  head  shaking.  Analgesics  were  not  generally  required.  Most  cats  were  alert 
and  active  by  the  morning  following  surgery.  Analgesic  relief  was  provided  to 
those  few  exhibiting  signs  of  discomfort.  Inflammation  of  the  ear  canals  due  to 
the  stereotaxic  apparatus  was  minimal.  Focal  mild  hyperemia  nea;  the  external 
opening  of  the  horizontal  ear  canal  was  observed  in  a  few  cases.  An  anti-inflam- 


Figure  5.  AP  surgical  field:  deep  level.  The  AP  appears  as  a  wing-shaped  structure  on  the 
posterior  portion  of  the  4th  ventricle,  a.  retractor/elevator:  b.  cross  clamp  retractors;  c. 
superficial  cervical  muscles;  d,  occipital  bone;  e.  vermis  of  the  cerebellum;  f.  floor  of  the 
4th  ventricle;  g.  AP. 
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Figure  6.  Normal  feline  AP  (arrows)  extending  anteriolaterally  from  the  obex  as  a  bilater¬ 
ally  symmetrical,  wing-shaped  structure,  it  is  darker  than  surrounding  tissue  and  more 
highly  vascularized.  The  posterior  limit  is  well  demarcated  and  centered  in  (he  obex,  while 
the  anterior  limits  arc  less  defined,  blending  with  the  floor  of  the  4th  ventricle  in  a  delta¬ 
shaped  pattern. 


matory  ointment  was  administered  and  the  hyperemia  disappeared  within  24-48 
h.  Inflammation  around  the  surgical  site  was  minimal.  There  were  no  cases  of 
dehiscence. 

Early  tn  the  study  the  cats  were  fed  a  gruel  of  canned  cat  food  and  water  by 
gastric  gavage.  This  frequently  resulted  in  vomiting.  We  altered  our  nutrition  reg¬ 
imen  and  began  using  a  dilute  solution  of  a  high-caloric  liquid  feed  supplement. 
Emetic  episodes  were  nearly  eliminated.  For  the  few  remaining  animals  exhib¬ 
iting  emesis,  there  may  have  been  Mime  effect  of  the  procedure  itself  upon  emesis 
immediately  post  open’ lively.  The  benefit  of  these  feedings,  compared  to  the  po- 
tent.al  for  complications  due  to  inadvertent  endotracheal  .nstillation  of  feed  mix- 
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Table  1 


Intraoperative  Grading  System  for  Area  Postrema  Lesions 


Grade 

Appearance 

0 

No  lesion — control 

1 

Slightly  tan  over  most  of  AP 

2 

Tan  to  brown  over  all  of  AP 

3 

Brown  with  occasional  black  tags 

A 

Brown  with  frequent  blackened  areas 

5 

Majority  of  AP  blackened  by  cautery 

ture  or  aspiration  must  be  considered.  An  alternative  approach  might  include  ap¬ 
petite  stimulation  using  a  low  dose  of  diazepam  intravenously.13 

In  our  experience,  this  surgery  is  most  easily  performed  in  subaoult  males  and 
females  weighing  approximately  4  kg.  Larger,  more  fully  developed  males  tended 
to  have  more  extensive  occipital  diploe  requiring  longer  surgical  times  to  achieve 
hemostasis.  Although  total  hemorrhage  was  seldom  more  than  3  mL  from  the 
entire  procedure,  time  and  total  blood  loss  were  both  reduced  if  the  opening  was 
carefully  but  confidently  enlarged  to  its  full  size  before  stopping  to  achieve  hemo¬ 
stasis  with  bone  wax.  Cats  smaller  than  2.5  kg  had  corresponding  smaller  cranial 
vaults,  which  made  it  more  difficult  to  gain  adequate  exposure  of  the  AP. 

When  the  preparation  and  care  of  AP-lesioned  cats  is  performed  as  described 
above,  the  animals  experience  minimal  to  no  apparent  discomfort,  but  a  consis¬ 
tent  difference  in  conditioned  taste-aversion  learning  and  radiation-induced 
emesis  is  exhibited  between  AP-lesioned  cats  and  those  receiving  the  control  sur¬ 
gery.6'7 
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Abstract 

The  canine  has  become  an  accepted  research  model  for  the  examination  of  a  number  of  human  clinical 
conditions.  Despite  it's  status  as  a  research  model,  little  is  known  regarding  the  peripheral  effects  of 
inflammatory  mediator  substances.  Products  of  arachidonie  acid  metabolism  (leukotrienes)  are  reported 
capable  of  altering  leukocyte  functions.  Because  of  the  emerging  importance  of  the  canine  research  model 
and  leukotrienes  we  examined  the  effects  ol  leukotriene  B4  (L.TB4)on  several  in  vitro  functions  of  isolated 
canine  peripheral  polymorphonuclear  leukocytes  (PMN ).  C  hanges  in  forward  angle  light  scatter  proper¬ 
ties  ol  the  cells  were  used  as  one  measure  of  PMN  activation.  Other  functional  changes  examined 
following  LTB4  pretreatment  included  chemotactic  capability,  the  electrophvsiological  state  of  the  cell 
plasma  membrane,  and  the  metabolic  oxidative  response  ti  e.  H.O,  production).  Random  cellular 
movement  of  PM  Ns  increased  by  12()"o  and  72°<>  following  premeubation  with  10  '  and  10  11  M  LTB4. 
respectively.  LI  B4  between  10  and  10“  1 '  A/  did  not  significantly  alter  cellular  resting  membrane 
potential.  Between  10  and  10  1  M  LJB4  elicited  significant  levels  of  cellular  H.O.  production. 
Although  significant.  H.O,  production  was  <40"o  that  induced  by  phorbol  myristate  acetate  (PMA). 
In  numerous  respects,  canine  in  vino  PMN  responses  parallel  previous  reports  of  human  cell  function(s) 
in  the  presence  of  inflammatory  mediators  and  may  represent  an  attractive  alternative  for  investigation 
of  PMN  dysfunctions. 


\bbri*»iations:  PMN.  polv  morph«miiclc\ir  ioukocvlc.  PMA. 
phoibol  mv  astute  acetate.  PBS.  total  bovine  serum.  PBS.  phos¬ 
phate  buttered  valine .  HIM  U.  high  performance  liquid  chro- 
matograpln .  BRN1.  baseline  random  migration.  HBSS.  Hank's 
balanced  salt  solution 

Supported  bv  the  \rnit  !  forces  Radiobiologv  Research  ln*»tj 
lute.  Defense  Nuclear  Agoncv.  utuler  work  units  B20N2  and 
B21'2  Views  presented  in  this  paper  are  those  ol  the  authors,  no 
endorsement  bv  the  IVlense  Nuvlc.ir  Agencv  lias  been  given  01 
should  be  interred  Roseau h  was  conducted  according  to  the 
principles  enunciated  in  (he  <  unde  tor  the  (  are  and  l  >c  ,*i 
I  aboratorv  NnmiuK  ptepaied  bv  the  Institute  ol  1  aboiatmv 
Nmmal  Rcs«*urce>.  National  Research  (  omuil 


Introduction 

I  he  canine,  an  attractive  research  model  for  a  num¬ 
ber  of  clinical  investigations,  has  been  used  exten¬ 
sively  m  studies  of  developmental  hematopoiesis, 
septic  shock,  and  immune  physiology  It  was  our 
intent  to  investigate  functional  responses  of  canine 
peripheral  PM  Ns  following  preincubation  with 
I  I  B,,  a  well-known  inflammatory  modulator 
PM  Ns  represent  the  primary  cellular  elements  of 
host  defense  and.  as  such,  constitute  a  significant 
proportion  ol  the  host's  circulating  nonspecific  im- 
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mune  capabilities,  f  he  general  process)  es)  by  which 
PMNs  respond  to  alterations  of  homeostasis,  or 
episodes  of  infection,  have  been  collectively  termed 
intlammation.  Conceptually .  inflammation  con¬ 
sists  of  an  orderly  series  of  functional  events  in¬ 
cluding  increased  PMN  adhesiveness,  diapedesis. 
chemotaxis.  phagocytosis  and  production  of  an 
oxidative  hurst.  Because  PMNs  are  capable  of 
multiple  functions,  they  are  subject  to  numerous 
serum-mediated  and  microenvironmental  influ¬ 
ences.  The  eicosanoids  are  metabolites  of  arachi- 
donic  acid  produced  through  either  cyclooxyge¬ 
nase  or  lipoxygenase  metabolic  pathways,  and 
they  represent  one  class  of  important  inflamma¬ 
tory  mediators,  the  leukotrienes.  One  of  the  more 
effective  eicosanoid  PMN  modulators  is 
5(S).1 2(R  f-dihydroxy-eicosatetraenoic  acid,  leu- 
kotriene  B4  (LTB4)  which  reportedly  modulates 
chemotaxis  |1  5).  adherence  |b.  7],  aggregation  |l. 
2,  S.  9],  degranulation  [10.  1 1|.  and  oxidative  me¬ 
tabolism  [12  15].  Unfortunately,  very  little  is 
known  of  LTB4's  effects  on  canine  PMNs. 
Because  of  the  physiological  and  inflammatory  im¬ 
portances  of  l.TB4.  we  examined  its  in  vitro  abili¬ 
ties  to  activate  and  alter  the  in  vitro  functions  of 
canine  PMNs  including  chemotaxis.  resting  mem¬ 
brane  potential  and  oxidative  hurst  capability.  The 
sensitivities  of  canine  in  vitro  PMN  functions  to 
LTBj  were  compared  to  those  induced  by  phorbol 
myristate  acetate  fP.MA).  a  potent  modulator  of 
numerous  PMN  activities. 


Materials  and  methods 

Reagents 

Reagents  used  were  phorbol  myristate  acetate,  di- 
methy Isulfoxide  (Sigma  Chemical  Company.  St. 
loins.  MO).  Hanks'  balanced  salt  solution 
(HBSSf.  phosphate-buffered  saline  (PBS).  HHPES 
buffer,  and  trypan  blue  (Grand  Island  Biological 
Company.  Grand  Island.  NY),  dichlorolluorcscin 
diacetate  (DCFH-DA.  Eastman  Kodak  Company. 
Rochester.  NY),  ammonium  chloride  ( f  isher  Sci¬ 
entific.  Silver  Spring.  MO),  propidium  iodide  (Cal- 
biochem.  l.aJolla.  CA).  and  OiOC  5(3)  (Molecular 
Probes.  Junction  City.  OR).  Stock  solutions  of 
IXTH-IM  (5  mA/)  and  DiOC5(3)  (1  mill  were 
stored  in  absolute  ethanol  PMA  was  dissolved  in 
dimethylsulloxidc  at  0.01  M  and  stored  at  70  C. 


fetal  bo>  me  serum  (I  BS.  Hy  clone  Tabs,  Logan. 
UT  )  was  heat-inactivated  (56  C.  60  minutes)  and 
filtered  (0.45  pm)  before  use. 

Antnmh 

f  ight  I  2  year  old  Hra  beagles  (Cams  familiaris. 
10  12  kg)  were  used  in  these  experiments.  Dogs 
were  quarantined  on  arrival  and  screened  for  evi 
dence  of  disease  before  being  released  to  experi¬ 
ments,  Dogs  were  kenneled  in  an  AAA  LAC  ac¬ 
credited  facility  and  provided  commercial  dog 
chow  and  tap  w  ater  ad  libitum.  Animal  holding 
rooms  were  maintained  at  20  CaG  C  w:ih 
50" 0  ±  I0°»  relative  humidity  using  at  least  10  air 
changes  hour  of  I00°b  conditioned  fresh  air.  The 
dogs  were  maintained  on  a  12  hour  lighting  cycle 
with  no  twilight 

I.TBi 

LTBj  in  a  stock  solution  of  methanol  was  the  gen- 
eraous  gift  of  Dr.  J  Rokach  (Merek-F  rosst  Labo¬ 
ratories.  Pointe  Claire-Dorval.  Quebec.  Canada). 
Aliquots  were  evaporated  under  nitrogen  and 
resuspended  in  appropriate  assay  media.  Purity  ol 
the  L.TB4  stock  was  routinely  monitored  (2)  by 
reverse-phase  high-performance  liquid  chromato¬ 
graphy  (HPLC).  A  Beckman  HPLC  system  with 
an  Ultrasphere  C- IX  column.  4.6  x  250  mm.  packed 
with  5  pm  particles  was  used.  The  solvent  system 
was  methanol :  water:  acetic  acid  (70:30:0.01, 
v:v:v)  adjusted  to  a  pH  of  5.7  with  ammonium 
hydroxide,  and  eluted  at  a  flow  rate  of  1  ml 
minute.  LTB4  solutions,  based  on  UV  (280  nm 
wavelength)  detection  methods,  were  free  of  con¬ 
taminants  and  decomposition  products. 

P\f\  isolation 

Peripheral  blood  was  drawn  from  the  lateral  sa¬ 
phenous  vein  of  canines  into  syringes  containing 
preservative-free  heparin  (I0U  ml).  Blood  was 
washed  in  HBSS  without  Ca  ‘  ’  and  Mg' 
(400  xg.  10  minutes,  room  temperature).  Contam¬ 
inating  red  blood  cells  (RBC)  were  lysed  with 
O.83°o  NHjCl  (10  minutes.  4  C).  anil  the  leu¬ 
kocytes  were  pelleted.  The  leukocyte  pellet  (  >  H5°n 
PMNs)  was  minimally  resuspended  in  HBSS  with¬ 
out  Ca  1  ’  and  Mg  '  '  and  div  ided  into  aliquots  lor 
chemotaxis  and  flow-  cytometric  analysis.  Wright- 
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stained  blood  smears  were  prepared  lor  differen¬ 
tial  and  morphological  examination(s)  Complete 
blood  counts  were  obtained  by  automated  analysis 
(Model  S  t  2.  Coulter  Flectromcs.  Hialeah,  Fl.) 

C  licnioluMs  im'itr 

Chemotactie  capabilities  of  I’VINs  were  evaluated 
by  quantitating  the  cells  that  migrated  through  a 
lOpm-lhick  polycarbonate  membrane  A  48-well 
micro-chemotaxis  chamber  assemble  (Neuro 
Probe  Inc  .  Bethesda.  MO)  was  used  as  described 
by  Harvath  et  ai.  [Hi]  Lower  wells  received  media, 
chemoattractant  ')  :  100  dilution  of  zymosan  acti¬ 
vated  plasma)  or  I  TB4  between  10  *  and  10  "  \f 
Upper  wells  received  50  pi  of  a  cell  suspension  at 
2  *  10"  cells  ml.  Chambers  were  incubated  at  37  C 
in  a  humidified  environment  and  gassed  with  5" „ 
CO,  and  air  for  one  hour.  Filters  were  fixed  in 
100"«  methanol  and  stained  with  Dif-Quick 
I  Fischer  Scientific.  Silv  er  Spring.  MD).  Seven 
high-power  (100  x  )  microscopic  Helds,  across  the 
diameter  of  the  well,  were  examined  and  the  mean 
cellular  migration  field  hour  determined. 

r/owi  i  tometric  analysis  of  P\1S  light  scatter 
properties 

Light  scatter  properties  of  the  PM  N  were  analyzed 
on  a  Coulter  LPICS  541  (low  cytometer  (Hialeah. 
FL)  equipped  with  a  2  W  argon  ion  laser  emitting 
200  mW  at  488  nm.  Cells  isolated  as  described 
above  were  resuspended  in  PBS  supplemented 
with  0.2" i)  F'BS.  Cells  were  equilibrated  at  37  C 
for  15  minutes  and  analyzed  by  How  cytometry 
prior  to  and  following  incubation  with  10  .1/ 

L  I  B.j  for  5  minutes  at  37  C.  PM  Ns  were  distin¬ 
guished  from  other  mononuclear  cell  types.  RBCs. 
and  cellular  debris  based  upon  their  characteristic 
forward-angle  (low  angle  light  scatter)  and  right- 
angle  light  scatter  properties. 


Mct.ihrunc  potential 

Alterations  in  membrane  potential  were  deter¬ 
mined  by  measuring  changes  in  the  intracellular 
concentrations  of  DiOC5(3).  a  lipophilic  dye  that 
diffuses  through  cell  membranes.  Cellular  fluores¬ 
cence  intensity  varies  as  a  function  of  membrane 
potential,  decreasing  as  the  membrane  depolarizes. 


PMNs  1 10"  cells  ml)  resuspended  in  glucose-sup¬ 
plemented  (1  mg  ml)  HBSS.  were  incubated  with 
10  *  4/  Di()C5(3)  for  10  minutes  at  37  C  The 
resultant  cellular  fluorescent  spectra  were  stable 
for  30  minutes  if  cells  were  maintained  at  4  C 
Cells  were  then  stimulated  with  PM  A  ( 100  ng  ml) 
to  demonstrate  maximum  membrane  depolar¬ 
ization.  or  with  varying  concentrations  of  LTB4 
for  7  minutes  at  37  Changes  in  resting  mem¬ 
brane  potential  ( /  0  minutes)  were  analyzed  flovv- 

vylometrically  on  a  FACS  Analy  zer  interfaced  to  a 
Consort  30  computer  system  (Beeton  Dickinson. 
Sunnyvale.  CAl  Green  fluorescence  was  moni¬ 
tored  between  515  and  545  nm  after  excitation  by 
a  mercury  arc  lamp  equipped  with  a  485  22  nm 
excitation  filter  PMNs  were  distinguished  from 
other  cellular  types  based  on  coulter  volume  and 
right  angle  light  scatter  properties.  Cellular  viabil¬ 
ity  was  assessed  by  vital  dye  exclusion  of  trypan 
blue  or  propidium  iodide. 


Intracellular  // -O ,  production 

11,0,  production  was  measured  as  described  pre¬ 
viously  by  Bass  et  at.  [  1 7],  DCFH-DA.  a  nonpolar, 
nonfluoreseent  compound,  diffused  through  cell 
membranes  and  was  hydrolyzed  by  cellular  ester¬ 
ases  to  nonfluoreseent.  intracellularly  trapped. 
2  .7 -dichlorofluorescein  (DC’FH).  The  H.O,  pro¬ 
duced  by  activated  PMNs  oxidizes  DCP'H  to  the 
fluorescent  analogue  2'.7'-dichlorof!uorescin 
(DCF).  PMNs  (H)1’  cells  ml)  were  incubated  with 
5  p  i/  DCFH-DA  in  PBS  supplemented  with  0.2° » 
FBS  for  10  minutes  at  37  C  and  stimulated  with 
PMA  (lOOngml)  or  varying  concentrations  of 
1. 1  B4  (37  C.  15  minutes).  DCF  levels  were  mea¬ 
sured  by  llow  cy  tometry  of  a  FACS  analy  zer  as 
described  for  membrane  poential.  Percent  change 
in  intracellular  H.O,  production  was  determined 
by  the  following  formula: 

Mean  Fluorescence  Intensity  (FL). 
control  Mean  FL.  experimental 

100  x  - - 

Mean  FL.  control 


Sialism  al  analysis 

All  data  are  presented  as  the  mean  t  standard 
error.  Statistical  differences  were  determined  by 
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analysis  of  variance  with  Duncan's  test  between 
means  for  repeated  measures.  /*  values  <0.05  were 
considered  statistically  significant. 

Results 

PM. Y  Light  Saltier  Properties:  f  igure  1.  Table  1 

By  monitoring  light  scatter  properties  (i.e..  for¬ 
ward  and  right-angle  light  scatter),  changes  in  I’MN 
morphology  can  be  quantitatively  assessed.  For¬ 
ward  angle  light  scatter  was  examined  before  and 
after  addition  of  LTB4.  Figure  I  depicts  a  histo¬ 
gram  of  the  normal  light  scatter  distribution  pat¬ 
tern  representing  the  loss  of  forward-angle  light 
scatter  following  incubation  of  PM  Ns  with 
10' q  M  LTB4.  Mean  channel  loss  for  control 
PM  Ns.  incubated  w  ithout  LTB4.  was  6.50  +  2.13. 
Table  1  demonstrates  the  mean  loss  of  forward- 
angle  light  scatter  following  incubation  with  10" 11 
to  10  5  M  LTB4.  The  mean  loss  of  forward-angle 
light  scatter,  a  dose  dependent  response,  was  max¬ 
imum  at  10~u  A/  (35.88  +  6.05)  loss  of  mean  chan¬ 
nel  numbers.  No  changes  in  the  right  angle  light 
scatter  properties  were  observed  following  LTB4 
incubation  (data  not  shown). 


Forward  Angle  Light  Scatter 

Figure  I 

Representative  histograms  of  forward  angle  light  scatter  of 
PMNs  prior  to  l '  -  O' ").  and  following  mcuhation  with  10  A / 
L  1  B4  (/  5  i  at  37 C  1  he  histograms  represent  cell  number  (or¬ 

dinate)  as  a  function  of  forward  angle  light  scatter  (abscissa)  on 
a  linear  25b  channel  scale. 


Control 
T  =  0" 


LTB4 
T  =  15" 

I  , 


PMA 
T  =  15' 


Table  I 

h fleet  of  l.  I 
PM  Ns. 


B4  on  forward  angle  light  scatter  profiles  of  canine 


Concentration  (A/) 

l  oss  of  mean  channel  number  (  ±  SfM) 

Control 

6.50  j  2  15 

1  x  |0 

50.69  *  9.1 1 

1  x  10 

35. XX  +  6.05 

i  -  in  •" 

24.54  •  2.47 

1  x  1(1  " 

11.35  *  0  52 

Fluoresence  Intensity 

Figure  2 

Histogram  representing  (he  fluorescent  distribution  patterns  of 
resting.  PMA  (lOOngml).  and  LTB4  (10  “  M)  stimulated 
PMNs.  Cells  preincubated  with  DCFH-DA  lor  10  minutes  were 
stimulated  with  either  PMA  or  L.TB4  for  15  minutes  at  A7  C  The 
histograms  represent  cell  number  (ordinate)  as  a  function  of  fluo¬ 
rescence  intensity  (abscissa)  from  10000  events. 


Table  2 

Generation  of  intracellular  H:(>,  in  canine  PMNs  following  stimulation  with  either  PMA  or  l.TB4. 


C  oncentration 


100  ng  ml 
10  A  f 
10  '  M 
10  M  A  f 
10  ‘  •  A f 


Mean  hi  intensity 


3.47  ±  0.22 
4  bX  ±  0  IX 
4  45  i  0.2b 
4.b4  ±  0.19 
4.57  ±  0  19 


54.87  l  3.04 
26.43  4  1  22 
2301  *.  3  X7 
10.41  +  I  22 
10.25  ±  102 


Increase  ICO,  production 
(  x  KM)) 


13.81  ±  0.80 
4  7b  1  0.2b  * 
4  49  ±  0  52  * 
I  22  _  o  10  * 
I  29  4  0  10  * 


*  I )  <001  compared  with  stimulation  with  100  ng  in’  PMA 
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//,(),  measurement  Figure  2.  Table  2 

Effects  of  LTB4  on  cellular  H,0,  production  are 
shown  in  Table  2.  FOO,  production,  maximal  be¬ 
tween  10  "  and  1 0  M  LTB4.  was  <40%  of  the 
maximal  PMA  response.  Figure  2  shows  the  fluo¬ 
rescence  histograms  of  unstimulated  (r  =  0  min¬ 
utes)  PM  Ns  and  those  incubated  w  ith  either  LTB4 
(10  4  M)  or  PMA  (100  ng  ml).  This  comparison 
with  PMA  was  established  since  maximum  FIT), 
production,  without  loss  of  cell  viability,  was 
achieved  with  100  ng  ml  PMA.  Vital  dye  examina¬ 
tion  of  cells  after  PMA  or  LTB4  treatment  demon¬ 
strated  viabilities  >95%.  At.  or  below.  10  10  M 
LTB4.  H,0,  production  was  negligible.  A  uni¬ 
formly  responding  single  population  was  apparent 
with  increasing  levels  of  LTB4  stimulavion  and  no 
unresponsive  population(s)  were  discerned  based 
on  gating  parameters  used. 


Table  ^ 

Comparison  of  the  effects  of  L.TB4  on  canine  PMN  chemotaxis 
with  zymosan  activated  plasma  (ZAP). 


Stimulus 

Concentration 

(  ell  IIPK  +  SH** 

Media 

401)  +  1.3 

ZAP 

1  x  H)  : 

232.4  i  6.7 

[TB4 

1  x  |0 

88.4  +  1.5  * 

I.IH, 

1  x  10  '' 

67.2  ±  1.7  • 

LTBj 

i  *  in  " 

30  X  +  2.0 

LI  B , 

1  X  10  '  ' 

54.X  ±  2.3 

LIB, 

1  X  10"  '* 

48. 0  +  0.9 

1  ib4 

1  x  111"  '  ’ 

512+  12 

*  />  <  0.05  when  compared  to  control  (media). 

**  Average  number  of  cells  which  migrated  per  high  power  field 
(If  PI-  J 


Cheinoiaxis:  Table  3 

Chemotaxis  to  L1B4  was  examined  between  10 
and  10  1  A/.  The  highest  concentrations.  10'  M 
and  10  °  M.  induced  cellular  migrations  which 
were  120%  and  72%  (/» < 0.05 ).  respectively,  over 
baseline  random  migration  values  (Table  3). 
Chemotaxis  to  concentrations  between  10  11  M 
and  10  r.tf  resulted  in  a  20%  36%  increase 
over  baseline  random  migration 

Membrane  potential  changes:  Table  4 

Levels  of  LTB4  between  10”  and  10“  13  M  did  not 
significantly  alter  the  PMN  resting  membrane  po¬ 
tentials).  Loss  of  cellular  fluorescence  intensity 
(indicating  membrane  depolarization)  following 
in  vitro  LTB4  incubation,  was  generally  <20%  of 
the  PMA  response  (Table  4). 


Discussion 

Inflammatory  processes  are  complicated  by  the 
mediation  of  numerous  endogenous  factors.  PM  Ns 
have  been  identified  as  both  a  source  and  a  target 
of  inflammatory  factors  [18].  Inflammatory  re¬ 
sponses  can  generally  be  divided  into  two  distinct 
phases:  the  first  phase  involving  PMN  efflux,  and 
the  second,  direct  effector  cell  interaction  at  the 
inflammation  site.  The  first  phase  requires  directed 
movement  of  PM  Ns  and  is  operationally  and  func¬ 
tionally  necessary  for  successful  resolution  of  in¬ 
flammation.  Chemotaxins.  which  provide  the  gra¬ 
dients  necessary  for  directed  migration,  are  likely 


Table  4 

Alterations  in  the  resting  membrane  potential  of  canine  PMNs  following  stimulation  with  either  PMA  or  LTB4 


Stimulus  Concentration  Mean  F  L  intensity  (  ±  SF )  Loss  of  FL  intensity**  IS) 


0  nun 


7  min 


PMA  1(H)  ng  ml 

t  TB,  10  M 

10  ''  V/ 
10  1  V.v/ 
10  \f 


38.76  i  l  54 
39.05  t  I  59 
37.93  +  1.67 
36.39  t  1.99 
39.52  ±  0  60 


2\85  i  1  51 
36  73  i  1.1 1 
35.27  ±  1  40 
35.1  5  ±  t  94 
37.33  ±  0  46 


33.3  ±  1  54 

5.7  ±  1  20  * 
7.0  i  0  58  * 

3.7  +  0.33  * 
5.3  ±  0.33  * 


/>  <  0.01  when  com  pa  ret)  with  PMN>  stimulated  with  J(H)ng  ml  PMA 
Loss  of  FL  intensity  indicates  membrane  depolarization. 
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lo  activate  circulating  PM  Ns  at  low  concentra¬ 
tions.  One  important  class  of  inflammatory  media¬ 
tor  substances  are  the  leukotrienes  [19],  produced 
by  stimulated  PM  Ns  and  monocytes  [20].  Leuko- 
triene  B4  (LTB4).  an  important  inflammatory  leu- 
kotriene.  modulates  PMN  calcium  metabolism, 
chemotaxis,  adherence  and  degranulation  func¬ 
tions  1 2 1  24).  l.TBj  induced  alteration  in  PMN 
accumulation  have  been  described  in  rabbit  [25, 
26],  guinea  pig  [27],  human  [28]  and  rat  [1],  In¬ 
flammatory  exudates  of  LTB4  fo  lowing  the  subcu¬ 
taneous  implantation  of  carrageenan-soaked  poly¬ 
ester  sponges  have  been  correlated  with  PMN  infil¬ 
tration  rates  in  rats.  LTB4  in  the  inflammatory 
exudate  was  determined  to  alter  aggregation,  che¬ 
motaxis,  and  degranulation  functions  in  vitro  [1], 
PM  A  has  been  widely  used  as  a  reference  standard 
for  the  investigation  of  numerous  PMN  cellular 
functions.  In  comparison  to  the  induction  of  su- 
per  oxide  anion  by  PMA.  LTB4  has  been  described 
as  a  weak  metabolic  stimulant  [14],  Previous  re¬ 
ports  of  human  PMN  degranulation  have  demon¬ 
strated  LTB4  to  be  35%  50%  as  effective  as  the 
receptor  mediated  resonse  to  fMLP  [11].  Canines 
appear  unresponsive  to  fMLP,  reportedly  due  to  a 
lack  of  fMLP  receptors  [29],  so  its  use  in  the  in¬ 
vestigation  of  LTB4  priming  or  other  receptor  de¬ 
pendent  mechanisms  remains  to  be  determined. 
Our  investigations,  based  on  the  intracellular  pro¬ 
duction  of  H,0,.  eoncurr  with  LTB4's  character¬ 
ization  as  a  weak  metabolic  stimulus.  At  high  con¬ 
centrations  LTB4  induces  <.40%  of  the  H2(),  in¬ 
duced  by  PMA  stimulation.  At  concentrations 
below  10  *  A/.  LTB4  does  not  stimulate  super¬ 
oxide  anion  production  in  human  PMNs  [15].  Sim¬ 
ilarly  in  the  canine  PMN,  there  was  no  oxidative 
burst  (i.e.  H.O.)  produced  at  concentrations  of 
LTB4  <10  "A/. 

LI  B4  may  perform  as  a  primary  agonist  or  as  a 
cellular  priming  agent.  LTB4's  role  as  a  cellular 
primer  is  undoubtedly  complex  and  would  require 
examination  in  the  presence  of  other  inflammatory 
cytokines.  LTB4  has  been  reported  to  enhance  the 
human  PMN's  oxidative  burst  to  fMLP  but  not  to 
PMA  or  zymosan  [13],  Conversely,  exposure  to 
LTB4  resulted  in  signifient  decreases  in  PMN  ag¬ 
gregation  and  degranulation  [8],  Human  [30.  31] 
and  rabbit  PMNs  [32]  bind  LTB4.  We  have  prelim¬ 
inary  data  indicating  mat  canine  PMNs  may  also 
specifically  bind  LTB4  (data  not  shown)  Further 
characterization  of  this  binding  site,  to  meet 


the  criteria  for  receptor  designation,  including 
Scatehard  analyses  to  quantitate  high  affinity 
binding  sites  are  in  progress, 
inflammatory  response  patterns  may  be  con¬ 
centration-dependant.  Low  agonist  concentra¬ 
tions  may  stimulate  selective  cellular  function(s) 
while  higher  concentration  levels  desensitize  low 
level  responses  and  order  higher  level  dependent 
responses.  LTB4  has  been  reported  to  be  a  nano¬ 
molar  inflammatory  chemotaxin  [33.  34]  in  rats  [1. 
2],  rabbits  [32.  35]"  eats  [5],  humans  [2,  4.  6,  10] 
and.  as  reported  here  for  the  first  time.  dogs.  LTB4 
is  a  dose-dependent  modulator  of  human  PMN 
aggregation  [2]  and.  between  10  11  and  10  8  A t, 
LTB4's  effects  are  comparable  to  C5a  or  fMLP 
induced  chemotaxis  in  rat.  guinea-pig  and  human 
subjects  [3],  Threshold  concentrations  for  LTB4 
induced  human  PMN  chemotaxis  are  in  the  range 
of  1 0  "  M  [32.  3.3.  35],  The  threshold  concentra¬ 
tion  for  canines  approached  significance  (/?  =  0.07 ) 
at  10  g  M  and  at  10  M,  LTB4  induced  maxi¬ 
mum  canine  chemotaxis  ip  < 0.05)  in  accord  with 
previously  published  human  maxima  (l()'h  to 
10  8  A/)  [6.  24.  33.  34],  These  findings  confirm, 
and  extend,  the  ability  of  lipoxygenase  products  to 
mediate  PMN  functions  and  also  demonstrates  the 
considerable  similarities  of  human  and  canine 
PMNs  to  the  effects  of  LTB4. 

LTB4.  in  comparison  to  PMA,  has  been  reported 
to  be  ineffective  in  depolarizing  human  PMNs  [36], 
In  the  canine  model,  LTB4  was  likewise  ineffective. 
PMA's  ability,  and  LTB4's  inability,  to  induce 
PMN  membrane  depolarization,  are  interesting 
since  the  calcium  iontophoretic  ability  of  LTB4  for 
PMNs  has  been  well  documented  [37],  LTB4's  abil¬ 
ity  to  induce  an  oxidative  burst  (increased  produc¬ 
tion  of  H,(),)  in  the  apparent  absence  of  mem¬ 
brane  depolarization  might  infer  that  depolar¬ 
ization  may  not  be  a  necessary  antecedent  to  oxi¬ 
dative  burst  induction.  LTB4  induced  activation 
signals  in  human  PMNs  are  reported  to  be  very 
short-lived  [14]  and  our  inability  to  detect  depolar¬ 
ization^)  may  be  due  to  technical  limitations.  Met¬ 
abolic  (i.e.  H,(),)  and  chemotactic  changes  were 
greatest  between  10  11  A /  and  10  A/  L.l  B4.  with 
little  significant  effects  below  these  doses  Al¬ 
though  membrane  perturbations  should  concep¬ 
tually  ocur  at  lower  concentrations,  none  were  de¬ 
tected  within  this  report.  Leukotrienes  are  natural¬ 
ly  produced  and  may  exist  in  locally  high  concen¬ 
trations  Concentrations  used  in  this  protocol  may 
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mimic  the  high  localized  concentrations  produced 
in  vivo  during  an  inflammatory  event. 

As  reported  here.  LTB4  induced  morphological 
changes  modulated  the  oxidative  burst  capability 
of  PM  Ns  in  a  concentration  dependent  fashion 
without  altering  the  resting  membrane  potential  of 
the  cell.  Due  to  the  numerous  levels  at  which  LTB4 
may  exert  regulatory  effects,  its  mechanism(s)  of 
action,  in  regard  to  P.MN  dysfunctian(s)  and  host 
susceptibility,  deserve  further,  carefully  controlled, 
investigation  and  analysis.  Further,  it  appears 
from  these  results  that,  for  the  investigation  of 
LTB4's  effects  on  PMN  dysfunction(s).  the  canine 
PV1N  represents  a  suitable  alternative  to  human 
cells. 
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Interleukin- 1  Enhances  Survival  of  Lethally  Irradiated  Mice  Treated  With 

Allogeneic  Bone  Marrow  Cells 

By  Joost  J.  Oppenheim,  Ruth  Neta,  Pierre  Tiberghien,  Ronald  Gress,  James  J.  Kenny,  and  Dan  L.  Longo 


lnterleukin-1  IIL-1)  enhanced  the  capacity  of  allogeneic 
bone  marrow  (6M)  cells  to  promote  survival  of  mice  given 
doses  of  radiation  (1,200  to  1,350  cGy)  that  are  signifi¬ 
cantly  higher  than  those  generally  used  for  BM  ablation 
(850  to  950  cGy).  Three  to  five  times  greater  numbers  of 
lethally  irradiated  (1.200  to  1,350  cGy)  C57B1 /6  (H-2b! 
mice  given  107  T-cell-depleted  Balb/c  (H-2d)  BM  cells 
survived  over  6  weeks  if  also  treated  with  a  single  intra- 
peritoneal  (IP)  dose  of  10  pg  IL-1  20  hours  before  or  from  1 
to  3  hours  after  radiation.  The  spleens  of  these  mice  were 
reconstituted  predominantly,  but  not  exclusively,  with 
donor  cells  (54%  to  91%).  Histologic  examination  of  the 
epidermal  and  gastrointestinal  tissues  of  mice  surviving 
more  than  6  weeks  did  not  reveal  any  evidence  of  graft- 
versus-host  (GVH)  disease;  however,  since  10%  to  43%  of 
the  mice  died  between  days  30  and  46.  the  possibility  of  a 


GVH  syndrome  in  these  mice  cannot  be  excluded.  The 
spleen  cells  from  irradiated  mice  given  BM  transplants  and 
IL-1,  which  consisted  of  ?85%  donor  cells,  were  able  to 
generate  specific  T-cell  cytotoxic  killing  of  unrelated  allo¬ 
geneic  donor  cells  but  were  unreactive  to  target  cells 
bearing  either  host  or  donor  major  histocompatibility  com¬ 
plex  (MHC)  class  I  antigens.  Thus,  long-term  mixed  chime¬ 
ric  survivors  were  tolerant  to  recipient  and  donor  alloanti- 
gens  but  exhibited  immunologic  competence.  These 
results  show  that  IL-1  promotes  survival  of  lethally  irra¬ 
diated  mice  and  that  allogeneic  hematopoietic  cells  in  such 
animals  develop  tolerance  to  host  MHC  antigens.  Although 
there  are  many  unanswered  questions,  these  data  suggest 
that  IL-1  may  prove  clinically  useful  in  promoting  BM 
engraftment. 

i  1989  by  Grune  &  Stratton,  Inc. 


II.- 1  PROTF.CTS  MICH  from  lethal  doses  of  radiation 
over  a  dose  range  that  usually  results  in  a  fatal  hemato¬ 
poietic  syndrome. 1,2  IL-1  protects  mice  more  effectively  when 
administered  24  hours  before  than  after  lethal  doses  (LD 
100/30)  ot  irradiation.  When  administered  following  midle- 
thal  doses  of  radiation  (LD  95/30).  II.- 1  has  also  promoted 
the  survival  of  up  to  100 h  of  mice.’  Indeed,  we  and  others 
have  demonstrated  accelerated  recovery  of  colony-forming 
unit  crythroid  (K-CFUs)2  and  of  granulocyte-macrophage 
colony-forming  unit  (CM-CFU).  burst-forming  unit -ery- 
throid  (BFL-F).  and  colony-forming  unit -megakaryocyte 
(CTL -Meg)4'*  in  sublcthally  irradiated.  IL-1  treated  mice. 
This  suggests  that  IL-1  may  promote  and  accelerate  the 
recovery  of  residual  hematopoietic  stem  cells  and  progenitor 
cells  that  survive  sublethal  radiation.  The  concept  that  ll.-l 
is  an  important  stimulant  of  hematopoiesis  has  also  been 
reinforced  by  data  showing  that  IL-1  is  identical  to  hemato- 
poietin-1.’ 9  a  growth  factor  for  hematopoietic  progenitor 
cells  with  high  proliferative  potential.  In  addition,  it  is 
possible  that  IL-1  may  also  indirectly  promote  hematopoiesis 
by  inducing  expression  of  receptors  for  colony-stimulating 
factors  (CSF)'  as  well  as  the  production  of  CSF.10 

Transplantation  of  autologous,  isologous,  or  allogeneic 
BM  cells  also  protects  animals  from  lethal  doses  of  irradia¬ 
tion  in  a  dose  range  below  that  inducing  the  gastrointestinal 
syndrome."  The  capacity  of  IL-1  to  enhance  hematopoiesis 
suggested  that  IL-1  may  also  promote  hematopoietic  recov¬ 
ery  following  bone  marrow  transplants.  Consequently,  exper¬ 
iments  were  designed  to  evaluate  whether  (I)  transplanta¬ 
tion  of  allogeneic  BM  cells  combined  with  ll.-l  treatment 
results  in  enhanced  survival  of  lethally  irradiated  mice.  (21 
lethally  irradiated  mice  given  ll.-l  require  fewer  allogeneic 
BM  cells  to  survive.  (3)  administration  of  ll.-l  along  with 
T-cell  depleted  allogeneic  bone  marrow  cells  leads  to  the 
development  of  tolerance,  and  (4)  IL-1  preadministration  is 
more  effective  than  ll.-l  therapy  following  irradiation  and 
the  relative  capacity  of  either  of  these  treatments  to  restore 
host  cells  or  enhance  donor-cell  recovers 


MATERIALS  AND  METHODS 

Mice.  Inbred  female  C3H/HcN.  C57B1/6.  and  Balb/c  mice 
ranging  from  8  to  12  weeks  of  age  were  obtained  from  the  Animal 
Production  Area  at  Frederick  Cancer  Research  Facility.  Frederick, 
MD  Mice  were  maintained  in  a  pathogen-free  environment  and  fed 
commercial  rodent  chow  and  acidified  water  (with  HCI  to  a  pH  of 
2.5)  ad  libitum.  All  cage  cleaning,  handling,  injections,  and  care  of 
mice  for  2  weeks  following  irradiation  was  performed  in  a  laminar- 
llow  clean-air  unit. 

Irradiation.  Mice  were  placed  in  a  plexiglass  container  and 
given  single  doses  of  whole-body  irradiation  at  3  Gy/min  using  a  1 37 
Cesium  source  (model  68A  MARK  irradiator.  J.L.  Shepherd, 
Glenoblc.  CA).  The  number  of  surviving  mice  was  recorded  daily  for 
up  to  150  days.  Previous  studies  established  900  cGy  to  be  a  lethal 
dose  for  C57BI6  mice  within  8  to  16  days,  which  is  the  usual  time 
course  for  the  fatal  hematopoietic  syndrome. 
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OPPENHEIM  ET  Al 


Cytokines  Human  recombinant  IL.-I and  IL-la  were  gener¬ 
ously  provided  by  Mr  Iriye  of  the  Otsuka  Corporation,  Rockville, 
MD.  and  by  Dr  Peter  l.omedicoof  HotTmann-LaRoche,  Nutley,  NJ. 
respectively.  The  preparations  were  used  on  a  weight  basis  and  had  a 
specific  activity  of  2  x  107  U/mg  by  the  thymocyte  comitogcnic 
assay12  and  2.5  *  10*  units/mg  (Lot  1/87)  by  DIO  assay,”  respec¬ 
tively.  All  reagents  were  diluted  to  the  desired  concentration  with 
endotoxin-free  phosphate- buffered  saline  (PBS)  just  before  intra¬ 
peritonea!  injection  in  a  volume  of  0.5  ml,.  The  HofTmann-LaRochc 
IL-la  preparation  contained  0.125  endotoxin  U/mL  by  1  imulus 
amebocyte  lysis  (LAL)  assay.  Since  II  -  la  and  11.- Id  have  equiva¬ 
lent  radioprotective  activity,  both  were  used  for  this  study.1  6 

Bone  marrow’  cells.  BMC  were  obtained  by  flushing  them 
from  the  femurs  of  mice  under  sterile  conditions  with  RPMI  1640 
medium.  BM  cells  were  dispersed  through  a  25-gauge  needle  washed 
once  with  RPMI  1640  al  4°C,  gently  centrifuged  al  200  g  for  6 
minutes  to  remove  aggregates  and  debris,  counted  in  a  hemocytom- 
eter.  and  the  indicated  cell  number  administered  intravenously  into 
the  caudal  veins  of  recipient  mice  in  a  volume  of  0.2  ml..  The 
allogeneic  BM  cells  were  T-cel!  depleted  by  incubating  them  with  a 
1:32  dilution  of  rabbit  polyclonal  anti  mouse  brain  antiserum  for  30 
minutes  at  4°C\  washing  once,  then  incubating  the  BM  cells  once  or 
twice  again  with  a  1:3  dilution  of  fresh  guinea  pig  complement  for  30 
minutes  at  37°C  The  cells  were  recounted  and  injected. 

Experimental  protocol.  From  8  to  12  C57B16  mice  per  group 
were  treated  with  0.5  mL  PBS  or  with  10  IL-la  or  d  in  0.5  ml. 
PBS  mtrapcriioneally  either  20  hours  before  or  1  to  3  hours  after 
lethal  irradiation.  Mice  were  given  either  no  or  from  2.5  to  10  x  I06 
Balb/c  T-cell -depleted  BM  cells  intravenously  in  a  volume  of  0.2 
ml  1640  RPMI  medium  in  their  tail  veins  I  to  3  hours  following 
irradiation.  The  survival  of  nice  was  monitored  on  a  daily  basis  for 
up  to  6  months. 

In  vitro  generation  and  assay  of  cytotoxic  T-cell  activi¬ 
ty  Spleen  cells  of  long-term  surviving  C57B1 6/mice  (  ^2  months) 
reconstituted  with  Balb/c  BM  cells  and  11-1  treatment,  were 
assayed  for  their  ability  to  kill  H-2b,  H-2d,  or  unrelated  H-2k  target 
cells  in  vitro  as  previously  described.14  Spleen  cells  at  4  x  106/ml. 
were  cultured  with  I  x  10*  irradiated  stimulator  cells  in  RPMI  1640 
with  10'*  fetal  calf  scrum  (FCS),  penicillin  streptomycin,  nonessen¬ 
tial  amino  acids,  sodium  pyruvate,  2-mcrcaptocthanol,  and  L- 
glutamine  in  humidified  air  with  10%  C02  at  37°C.  The  surviving 
cells  were  tested  5  days  later  for  their  lytic  activity  in  a  4-hour  5,Cr 
release  assay  on  3-day  concanavalin-A- stimulated  spleen-ccll  lym¬ 
phoblasts.  The  results  arc  expressed  as  percent  specific  lysis  at 
various  ratios  of  eflcctor  to  target  (F  T)  cells  as  follows. 

%  specific  lysis  1 00 

( Experimental  release  spontaneous  release) 

x - 

(Max  inium  release  sponlaneous  release) 

Cell  phenotyping  The  percent  Thy  I  positive  BM  cells  was 
determined  before  and  after  T-cell  depletion  using  anti  Thy  1.2 
monoclonal  antibodies  as  assessed  by  flow  cytometry  (FAC'S  analy¬ 
sis)  In  addition,  the  H-2  phenotype  of  single-cell  suspensions  of 
spleen  cells  reconstituting  some  of  the  long-term  (over  6  weeks) 
surviving  mice  was  determined  using  anti-H-211  (34-2- 1  2.  lgG2a)  or 
ami-H-21'  (  SKI  lgG2b,  produced  by  Linda  Sherman.  I.a  Jolla.  CA) 
monoclonal  antibodies  (kindly  provided  by  Dr  David  Sachs. 
National  Cancer  Institute.  Bcthesda.  MD).  followed  by  FITC- 
labeled  goat  anti-mouse  lgG2a  or  lgG2b,  respectively,  and  FACS 
analysis  Mice  were  analyzed  individually,  and  three  mice  were 
analyzed  in  each  group  in  repeated  experiments. 

Statistical  analysts  A  chi-square  analysis  with  Yates's  correc¬ 
tion  for  continuity  of  number  of  surviving  mice  was  performed.  In 
addition,  a  computer  program  was  used  to  analyze  and  compare  the 


survival  curves  of  the  various  treatment  combinations.  The  methods 
used  were  those  of  Kaplan-Meier,  Cox,  and  Kruskal- Wallis. 15  Com¬ 
parisons  of  donor  H-2d'  cells  in  spleen  resulting  from  the  various 
treatments  were  made  with  the  nonparametric  Wilcoxon  rank-sum 
test.1'' 

RESULTS 

Effect  a  of  allogeneic  BM  transplantation  Since  allo¬ 
geneic  HI. -A  matched  BM  cells  are  frequently  not  available 
in  outbred  human  populations,  the  effect  of  IL- 1  on  survival 
of  lethally  irradiated  mice  reconstituted  with  partially  T- 
cell  depleted  allogeneic  H-2  nonidentical  BM  cells  was 
evaluated.  Balb/c  BM  cells  were  treated  once  with  anti 
brain-ecll  antiserum,  followed  by  fresh  guinea  pig  comple¬ 
ment.  to  diminish  donor  T  cells  that  could  generate  GVH 
reactions.  This  reduced  the  proportion  of  Thy  1  t  BM  cells 
as  determined  by  FACS  analysis  from  3 '%  to  \%.  The  ability 
of  IF- 1  to  promote  survival  of  lethally  irradiated  C57B1/6 
mice  <H-2b)  given  suboptimal  numbers  (less  than  15  x  1 06 ) 
of  such  T-cell  depleted  Balb/c  ( H - 2d )  BM  cells  was  tested. 

l  ethally  irradiated  C57B1  /6  mice  were  given  from  2.5  to 
10  x  10*  T-ecll  depleted  Balb/c  BM  cells  and  a  single  dose 
of  10  qg  1 1.- Iff  20  hours  before  or  I  to  3  hours  after  radiation. 
This  dose  of  IF- 1  was  chosen  because  it  was  more  radiopro¬ 
tective  than  other  doses  and  schedules.’  A  single  high  dose  of 
1.200  cGy  was  given  in  an  attempt  to  suppress  recovery  of 
the  host  cells  and  favor  the  establishment  of  the  allogeneic 
BM  graft.  We  have  previously  shown  that  900  to  1 .000  cGy. 
a  radiation  dose  usually  considered  to  be  an  LD  100/30. 
becomes  an  1  D  0  if  the  mice  are  pretreated  with  10  gig  II.- 1 
20  hours  before  radiation.  The  hematopoietic  systems  of 
IF- 1  treated  mice  recover  from  the  damaging  etTccts  of 
radiation.’  Following  1.200  cGy  doses  of  irradiation,  all 
C57BI  /6  mice  that  were  not  treated  or  were  only  given  a  10 
qg  IP  dose  of  IF- M  after  irradiation  died  with  a  median 
survival  time  (MST)  of  1 1  days  (Fig  1 ).  Although  treatment 
of  C57BI/6  mice  with  2.5  x  106  T-cell -depicted  Balb/c  BM 
cells  w  ith  or  without  subsequent  IL-1/3  prolonged  the  survival 
of  a  few  mice  ( MST  of  1  2  days),  none  survived  for  more  than 
1  month  (data  not  shown).  All  irradiated  mice  given  5  x  106 
BM  cells  without  IL-1/3  died  by  45  days  (MST  of  I  5  days). 
In  contrast.  9/ 1 2  mice  treated  with  both  5  x  10‘ Balb/c  BM 
cells  and  1 1.-10  by  1  to  3  hours  after  irradiation  survived 
beyond  45  days,  after  which  mice  stabilized  and  survived 
long-term  (over  20  weeks).  Only  5/12  C57B1  /6  mice  treated 
with  107  Balb/c  BM  cells  without  IL- 1  survived  beyond  46 
days.  In  contrast.  11/12  mice  given  IL-1  along  with  1 07 
Balb/c  BM  cells  after  irradiation  survived  for  over  45  days. 
Consequently,  therapy  with  1 L- 1/3  along  with  5  or  10  x  I  O'1 
allogeneic  BM  cells  after  irradiation  markedly  prolonged 
long-term  survival  (over  20  weeks)  of  lethally  irradiated 
mice  (P  •  .001).  The  II. -1)3  treatment  after  irradiation 

markedly  improved  the  effect  of  the  transferred  BM  cells. 

Mice  given  IF- 1(3  20  hours  before  irradiation,  even  in  the 
absence  of  BM  cells,  were  radioprotectcd  (more  than  87'?) 
(Fable  1).  Thus.  IL.-I  is  much  more  effective  in  promoting 
survival  when  given  by  itself  before  rather  than  after  a  dose 
of  1.200  cGy  irradiation  ( P  ■  .001)  The  survival  of  mice 
pretrealed  wilh  IL-I  that  were  given  2.5  x  lO*  BM  cells 
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•  Irradiated  only 
A5x  106  BM  cells 


10  nQ  IL1/3  post  irradiation 
.  5x  106  BM  cells  +  IL1,i 


Fig  1.  Survival  of  lothally 
irradiated  C57B1/6  mice 
treated  with  JL-I/J  and  Balb/c 
(H  2d>  BM  cells.  The  conditions 
in  this  experiment  were  as 
described  for  Fig  1.  with 
the  following  modifications. 

C57B1/6  mice  (12  per  group) 
were  irradiated  with  1 .200  rad, 
given  a  single  dose  of  10  ^g 
human  recombinant  IL  1  ft  and 
either  2.5  *  10*  (data  not 

shown).  5  ■  10*.  or  10  *  10* 

Balb/c  BM  cells  within  1  to  3 
hours  following  irradiation.  Sig¬ 
nificantly  more  mice  given  5  :* 

10*  BM  cells  and  IL-1  survived 
than  mice  given  only  BM  ceils 
iP  01 ),  and  more  mice  given 
107  BM  cells  and  IL  1  survived 
than  if  given  only  10;  BM  cells 
iP  05). 

.ictu.illy  decreased  from  X7'-  to  40'-  {P  ,001  ).  In  contrast, 
none  of  the  mice  survived  when  given  2.5  -  10'’  BM  cells  and 
III  alter  irradiation.  Mice  given  5  x  I  O'1  BM  cells  survived 
signiticanllv  better  if  given  II  -I  before  than  after  irradiation 
i/’  .051.  Only  mice  given  10  BM  cells  benefited  equally 

from  II  - 1  given  either  before  or  after  irradiation 

I’henotvpic  analysis  of  the  spleen  cells  from  mice  deter¬ 
mined  from  I  5  to  1  months  after  treatment  with  10  -  1 0'1 
Balb  c  BM  cells  and  II  I  after  irradiation  revealed  that  X  X 
mice  were  reconstituted  predominantly  (74'-  to  92'-')  with 
donor  III-2’1)  cells  but  still  had  from  4'7  to  23";  surviving 
host  » H- 2b)  cells  (Table  I).  All  of  the  mice  were  mixed 
chimeras  Contrary  to  our  expectations.  7  of  X  mice  treated 
with  II  -  IT  before  1,200  cCiy  and  It)  BM  cells  were 
nevertheless  also  predominantly  reconstituted  with  cells  of 
the  II-2’1  (donor)  phenotype  However,  mice  treated  with 
II  I  and  BM  cells  alter  irradiation  were  repopulated  with 
higher  numbers  of  spleen  cells  (mean  of  143  ■  10*  cells  per 
spleen)  than  mice  given  II -I  20  hours  before  irradiation 
(mean  of  42  ■  It)*  cells  per  spleen)  Although  pretreatment 


No.  of  days  post  irradiation 

of  mice  let  ha  1 1  y  irradiated  with  1.200  c(iy  with  IL-1  only 
favored  the  recovery  of  autologous  BM  cells,  provided  IL-1 
was  given  together  with  sufficient  numbers  of  allogeneic  BM 
cells,  reconstitution  with  donor  cells  was  favored.  In  mice 
given  5  ■  10'  BM  cells  and  IL-1  after  irradiation.  3  of  5 
spleens  contained  a  majority  of  cells  of  the  donor  type,  but 
two  spleens  consisted  of  over  90'-  host  cells.  Overall,  the 
higher  the  number  of  donor  cells  administered  in  conjunction 
with  ll.-l.  the  higher  the  donor  cell  engraftment  (P  -  .05). 
Histologic  examination  of  the  gastrointestinal  and  epidermal 
tissues  of  these  mice  did  not  reveal  any  evidence  of  GVH 
disease  (data  not  shown). 

The  spleen  cells  from  mice  treated  with  l.200cGv.  with  or 
without  BM  transplants,  plus  ll.-l  that  survived  for  over  X 
weeks,  were  tested  for  their  capacity  to  generate  in  vitro 
cytotoxic  T-lymphocyte  reactivity  against  host  (H-2b).  donor 
I  f  I  -  2d ) .  or  unrelated  third-party  (  H-2k)  target  cells  (  fig  2) 
Booled  spleen  cells  from  3  C  57BI/6  (H-2b)  mice  that  were 
reconstituted  with  -Xh'-  Balb/c  ( H -2d )  donor  cells  did  not 
generate  any  lytic  effect  on  either  H-2b  or  H-2d  target 


T able  1  Phenotype  (MHO  of  Spleen  Cells  of  C57B1  / 6  Mice  Surviving  More  Than  6  Weeks  After  Irradiation  With  1 .200  cGy 


Treatment  With  10  vq  ll 

id 

None* 

Preirradiation 

Postirradiation* 

Dose  of 

No  of 

%  H  2"' 

No  of 

%  H  2’ 

No  of 

%  H  2d 

BaJb..  BM  Cells 

Survivors  Toral  MST 

Spleen  Cells 

Survivors/Tota) 

MST 

Spleen  Cells 

Survivors  Total 

MST 

Spleen  Cells 

Nonp 

0  20  * 

1  1 

NDf 

7  8t 

•  68 

n 

O 

cv 

6 

1  1 

ND 

2  6  •  10' 

022 

12 

ND 

4/10| 

37 

32  •  29§ 

0  22 

13 

ND 

5  ■  10' 

0  24 

15 

ND 

1112$ 

60 

44-15 

1  1  24 

36 

O 

00 

to  •  to' 

8  24 

29 

63  •  12 

12/12 

60 

71  •  10 

22  24 

60 

83  •  2 

Abbreviations  MST  median 

survival  time,  ND 

not  determined 

•Pooled  data  from  two  different  experiments 
f  Not  determined  because  of  lack  of  survivors 

{Significantly  higher  survival  compared  with  IL  1  postirradiation  (P  05) 

§Mpan  and  standard  error  of  the  mean  percent  donor -derived  (H  2*  )  spleen  cells  detected  6  8  and  12  weeks  postirradiation  The  remaining  spleen 
cells  were  of  the  host  (H  2*  1  type 
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A)  C57BI/6  +  1200R 


B)  C57BI/6  +  1200R  +  IL-1  +  10  x  10*  BALB/c 


i 00  0 


%  40  0 


Effector  Target  Ratio 


EffectorTarget  Ratio 


Fig  2  Generation  of  in  vitro  cytotoxic  T  cell  activity  by  spleen  cells  from  C57B1 /6  (H  2b)  mice  4  months  after  lethal  (1.200  rad) 
irradiation  with  or  without  allogeneic  Balb/c  <H-2d)  BM  transplants.  Mice  were  given  10  Mg  IL-1  {1  IP  only  before  lethal  irradiation  (A)  or  IL-1 
together  with  10  *  10*  Balb/c  BM  cells  after  irradiation  (B).  Spleen  cells  {4  •  10*)  from  these  mice  were  stimulated  in  vitro  fcr  five  days 
with  irradiated  (2,000  rad)  Balb/c  (H  2rf).  C57B1  /6  (H-2to)  or  C3H/HeN  (H-2‘l  spleen  cells  (1  ■  1 0**> .  and  the  resulting  effector  cells  were 
mixed  with  61Cr-lahelled  ConA  induced  lymphoblasts  from  the  same  three  strains.  The  percent  specific  lysis  of  target  cells  at  various  ratios 
of  effector  to  target  cells  is  shown.  Each  point  represents  the  mean  percent  specific  6  Cr  reieased  by  triplicate  wells.  The  spleen  cells  of 
two  to  three  mice  were  pooled  to  obtain  sufficient  effector  cells  in  this  representative  experiment.  SE  were  consistently  less  than  5%  of 
the  mean  and  have  therefore  boon  omitted. 


ly mphoblasts  bul  possessed  sells  capable  ol  specifically  lys¬ 
ing  allogeneic  1 l-2‘  target  cells  (  big  2B)  Titus,  cells  from  the 
radiated  animal  were  tolerant  to  both  donor  and  host  Mll( 
specificities  but  were  competent  to  recognize  allogeneic 
Mill  determinants  In  contrast,  C  >7 B I  ,'h  spleen  cells  that 
had  recovered  from  lethal  irradiation  because  of  preirradia¬ 
tion  treatment  with  II  -Id  only  tie.  without  allogeneic  BM 
cells)  were  capable  ol  Using  II-2'1  as  well  as  ll-2k  target 
U  mphoblasis  t  i  ig  2  \ )  Thus,  the  use  of  II  - 1  with  high  doses 
ol  radiation  allows  recovery  of  some  tolerant  host  hemato¬ 
poietic  elements,  provided  suliieienl  numbers  of  allogeneic 


BM  cells  are  also  administered.  Such  a  treatment  regimen 
resulted  in  carving  degrees  if  mixed  chimerism  tie.  host  and 
donor  hematopoietic  recovery)  The  long-term  surviving 
mice  showed  r.o  evidence  of  (iVII  disease,  and  'heir  T  cells 
were  tolerant  to  both  donor  and  host  MH(  antigens. 

In  an  attempt  to  eliminate  more  of  the  residual  surviving 
recipient  hematopoietic  precursor  cells.  C57B1  /6  recipients 
were  treated  with  1  .T 50  c(iy  irradiation  and  reconstituted 
with  more  thoroughly  I -cell  depleted  Bulb  c  BM  cells 
I  reatment  with  anti-brain  antiserum  and  guinea  pig  comple¬ 
ment  twice  reduced  the  proportion  ol  Thy  I  •  cells  front  X  ■ 


•  Irradiated  only 
*5x10e  BM  cells 
■  10  x  10c  BM  cells 
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40 
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10  ;<g  ILIu  post  irradiation 
5  x  10f  BM  cells  t-  111., 

10  x  10'’  BM  cells  +  I L 1  . 


Fig  3  Survival  of  (etbally 
irradiated  C57B1  6  mice 

treated  with  IL  In  and  Balb  c 
(H  2d)  BM  cells  The  conditions 
in  this  experiment  were  similar 
to  those  described  in  the 
legend  for  Fig  2.  except  that 
mice  were  irradiated  with 
1.350  rad  Significantly  more 
mice  survived  if  given  10?  BM 
cells  and  IL  1  than  if  given  10’ 
8M  cells  only  (P  01) 


No.  ol  days  post  irradiation 
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Table  2  Phenotype  (MHC)  of  Spleen  Cells  of  Surviving  C57B1  / 6  Mice  (  6  Weeks!  After  Irradiation  With  1.350  Rad 


Treatment  With  10t4qil  lrr 


None 

teirradialton 

Postirradiation 

Duse  of 

No  of 

%  H  2° 

No  of 

%  H  2*' 

No  of 

%  H  2° 

8atb  c  RM  Cells 

Survivors  Total 

MST 

Spleen  Cells 

Survivors  Total 

MST 

Spleen  Cells 

SufvivufS/ T 

otal  MST 

Spleen  Cells 

None 

0  8 

10 

ND* 

0/8 

14 

ND 

0/8 

10 

ND 

2  5  ■  10* 

0/ 10 

1  1 

ND 

1/10 

29J 

24t 

0  10 

28f 

ND 

5  *  10* 

0  1 2 

12 

ND 

2/ 12 

32  f 

74.  7  1 

2  12 

31 1 

83.  74 

to  ■  10* 

1  1 2 

31 

56.2 

6/ '  2 

41  + 

70  66  76 

9  12 

145f 

76. 80  83 

Abbreviations  MST  median  survival  time.  ND.  not  determined 
•Not  determined  because  of  lack  of  survivors 

}  Significantly  longer  survival  in  comparison  with  mice  not  given  IL  1  (P  05)  The  survival  of  mice  given  IL  1  after  10  8M  cells  was  s.gnificantly 
greater  i.P  -  Ob)  than  that  of  mice  pretreated  with  IL  1 

X  The  percent  donor  derived  spleen  celib  was  determined  6  weeks  atter  BM  transplantation  The  remaining  spleen  cells  were  predominantly  of  the  host 
'H  2*’  l  type 


to  O';  Ml  irradiated  mice  that  were  untreated  or  treated 
oniv  with  10  Mft  II  Id  II1  before  or  after  irradiation  died 
within  x  t,,  |  2  days  ll  ig  5.  I  able  2)  All  mice  given  2.5  ■>  10* 
Ha  lb  c  B  M  cells  without  II  - 1  died  in  X  to  14  days  (Table  2 ) 

I  he  -urinal  of  mice  given  2  5  »  10*  Balb/e  bone  marrow 
cells  intravenously  1 1 V  )  and  1 0  yg  II  -Id  IP  after  I  A 50  e( i> 
was  prolonged  to  III  to  5X  dais,  with  a  median  survival  time 
i  t  2n  wavs  Irradiated  mice  given  5  •  ID*  Balb/e  BM  cells 
without  II  I  died  within  X  to  2b  days,  with  a  medium 
survival  time  of  12  days.  and  all  hut  one  of  12  mice  given 
10  •  1 0*  Ba lb  c  BM  cells  without  1 1  - 1  died  within  I  5  to  41 
davsilig.X)  In  contrast.  I  ?'<  of  mice  given  5  x  10*  BM  cells 
plus  1 1  - 1  alter  irradiation  surv  ived  for  over  45  davs.  and  d  of 
12  mice  treated  with  10  BM  cells  followed  by  II. -I  have 
survived  beyond  4s  days  In  the-e  allotransplantcd  mice 
given  higher  doses  of  1.550  cCiy.  the  beneficial  effects  of 
giving  II  I  as  a  radioprotector  20  hours  before  irradiation 
together  with  10  BM  cells  was  less  effective  than  the 
therapeutic  effects  of  II  I  given  after  irradiation  (Table  2) 
file  overall  survival  of  mice  given  II  -I  before  or  after 
irradiation  along  with  allogeneic  BM  cells  was  lower  after 
I .  's  0  than  1 .200  e<  i\  (  1  a  blew  I  and  2 ) 

Phenol v pie  analysis  of  spleen  cells  of  mice  surviving  1 ,550 
- ( i v  lor  over  b  weeks  revealed  that  the  majority  of  spleen 
cells  trom  4  and  7  of  the  mice  that  had  received  II  -In  and 
'  •  III*  or  10  Balb'c  BM  cells,  respectively,  were  of  donor 
'll  2 11 1  origin  liable  2)  However,  the  spleen  celts  still 
contained  from  I'M'.'  to  44  2'?  recipient  cells  The  spleen 
cells  I n mu  one  surviving  mouse  that  had  received  II  -I  and 

'  ■  10*  BM  cells  was  sm. ill  and  contained  only  24'?  donor 
cells  <  onseipicnllv .  even  alter  1.550  efiy.  some  of  the  host 
cell-  survived,  and  I  he  hematopoietic  cells  of  the  mice  were 
still  c tumeric 

DISCUSSION 

Preliminarv  studies  of  C57BI  <>  mice  that  were  irradiated 
with  1.1(10  rad  and  treated  with  5  ■  10b  T-cell  depleted 
Balb  c  BM  cells  along  with  2  jig  II  -  IT  daily  for  6  davs. 
beginning  immcderclv  alter  irradiation,  resulted  in  long- 
lerm  survival  of  onlv  400  of  ihe  mice,  in  comparison  with 
onlv  I  IT  .  surv  ival  of  mice  given  BM  cells  onlv  furthermore, 
bv  llow  vvlometrv.  the  spleen  cells  of  most  of  these  surviving 


mice  were  reconstituted  predominantly  with  host  (H-2*) 
cells  Since  none  of  the  let  ha  1 1  y  irradiated  mice  gr  en  these 
doses  of  II  -1  only  survived,  we  speculated  that  in  this  pilot 
study .  the  allogeneic  cells  transiently  promoted  survive '  until 
replaced  by  the  hosts'  own  BM  cells.  These  results  led  us  to 
study  the  effects  of  higher  doses  of  irradiation,  a  higher  dose 
of  II -I.  and  more  BM  cells  in  order  to  decrease  the 
likelihood  of  host-cell  recovery  and  improve  the  probability 
ol  donor-cell  engraftment.  These  experimental  modifications 
clearly  showed  that  II. -I  can  markedly  enhance  the  survival 
of  let  ha  II  v  irradiated  mice  treated  w  ith  allogeneic  bone 
marrow  cells.  1 1  - 1  promoted  the  survival  of  C57B1  /6  ( H-2b) 
mice  irradiated  with  1.200  to  1.550  cCiy  and  reconstituted 
with  T-cell  depleted  Balb/e  (H-2d)  allogeneic  cells,  despite 
major  differences  in  MHC.  The  numbers  of  long-term 
surviv  ing  mice  (over  1.5  months)  treated  with  5  x  10*  oi  10 
allogeneic  BM  cells  pljs  II.- 1 .  far  exceeded  the  numbers  of 
surviving  mice  given  only  BM  cells.  Thus.  Il  l  can  promote 
either  the  recovery  of  host  3M  cells  or  accelerate  the 
engraftment  and  p  'liferation  of  donor  bone  marrow  cells  or 
both. 

Radioprotection  by  prior  treatment  with  II  -1  without  BM 
cells  was  completely  ineffective,  as  was  II.- 1  given  by  itself 
alter  1.550  cCiy  irradiation  The  failure  of  II  I  treatment 
after  this  higher  dose  if  radiation  is  presumably  due  to  an 
insullicicnt  number  of  residual  host  hematopoietic  stem  cells 
and  progenitor  cells  for  the  II  - 1  to  act  on.  f  urthermore,  lew 
mice  given  only  BM  cells  survived  1.550  cGy.  11.-1  pretreat¬ 
ment  and  II  -I  therapy  (ie.afte.  radiation)  were  each  equally 
effective  in  promoting  the  survival  of  mice  irradiated  with 
1.550  c(iy  and  given  I  O’  allogeneic  BM  cells  The  pretreat¬ 
ment  with  II. -I  improved  the  eapac  ty  of  the  host  to  support 
the  engraftment  with  allogeneic  cells  given  24  hours  later 
I  ven  at  1.200  cCiy.  most  of  the  mice  hat  were  pretreated 
with  II  -  I  were  reconstituted  predominantly  with  allogeneic 
donor  cells  Perhaps  their  enhanced  survival  was  based  on  a 
transient  recovery  bv  host  cells,  which  were  then  replaced  by 
the  unirradiated  donor  cells. 

The  capacity  of  II  -  I  to  promote  hematopoiesis  may  be 
based  -n  several  recognized  biologic  activities  of  II -1 .  II  -1  is 
known  to  stimulate  stromal  cells  to  produce  (iM-CSf  and 
(i-CSf1  and  to  induce  receptors  for  M-C'SI  on  hemato¬ 
poietic  precursor  cells*,  it  is  possible  that  the  bone  marrow 
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gralt  -promoting  cllects  >.l  II  I  are  mediated  by  l he  colony - 
stimniating  tact. us  i(  Si  si  I  urthci  more.  II  I  can  act 
dircctlx  an  hematopoietic  mciii  sells  .mil  stimulate  their 
praliler.it i"ii  m  s\ nergx  w it h  ( i  \t  (  SI  nr  II  ■  4  '  I  hat  sueh 

sx  nergx  alsn  auiirs  ir,  sun  was  sliunn  In  combining  subopti- 
inal  nnnr.idioprniev'tivc  ilnses  at  II  I  with  (iM  t  SI  in 
achieve  nptnnal  r.iilmprnteet inn 

It  is  alsa  pnssihle  I  tut  III  induced  recovery  at  nonhema- 
lapaietk  tissue  max  ennuiluitc  I"  the  improved  survival  of 
miee  xx  hose  hemalopmetie  tissues  xxere  restored  with  donor 
DM  eells  II  !  does  merease  systemic  scavenger  activity 
l hr nu eh  the  indue t ion  al  as ute  - phase  proteins  stieh  as  metal 
lathtanein  and  eeruloplasinm  and  intracellular  scavenger 
molecules  such  as  iiiitashondii.il  niunguncsc-superoxidc  dis- 
mutase  '  1  liese  scavengers  max  reduce  the  tree  oxygen 
radicals  produced  in  extensively  damaged  tissues  Indeed, 
t  rea  I  ment  a  it  h  su  peroxide  disiuutase  ( S<  )l )  I  alone  I  allow  in  t’ 
irradi  it  mu  lias  been  reported  to  enhance  sirx  tv  a  I  '  I  low  ever, 
although  the  gasirnmlesimal  tissues  of  let  ha  1 1  >  irradiated 
mice  Heated  with  a.  combination  nl  allogeneic  BM  cells  and 
II  !  showed  less  e\  idenee  nl  damage  than  those  ol  untreated 
mn  c- .  xxe  were  unable  [n  conclude  xxhelher  II  I  rather  than 
the  BM  sells  were  dircctlx  beneltci.il  to  nonhcmntopoietic 
iissues  I  he  restorative  ell  es  t  ol  II  I  max  also  involve  Us 
capacilv  to  promote  resist. nice  to  infectious  organisms'1 
I  I: us.  |l  |  induced  restoration  ol  hematopoiesis,  induction 
nl  scavengers,  and  host -delerise  mechanisms  max  indirectly 
contribute  to  the  unproved  recovery  ol  the  allogeneic  BM 
recipient' 

<A  II  reactions  are  a  potentially  serious  problem  in  mice 
i * i x  c" '  : ris 0111  pletc’l \  I  cell  depleted  allogeneic  BM  cells.  ' 
cspcs when  the  nine  exhibit  partial  reconstitution  with 
then  own  cells  Indeed.  Irom  ID',  to  42'.  of  mice  treated 
xv  it  It  allogeneic  BM  cells  and  II  I  died  between  40  and  4s 
da  v  s  I  ..I  low  mg  irradiation  I  1  ..''00  c(  >v  I  In  contrast,  let  ha  II  \ 
uradiatcd  mice  treated  with  isologous  BM  cells  and  II  -I 
stabilize  aliei  'll  davs  and  do  not  perish  between  40  and  4s 
dav  I  liese  late  deaths  could  be  due  to  inadei|uale  immune 
I ii nv  1 1. >u .  inadequate  bone  marrow  engraftment.  or  C i V 1 1 
ic  ic  Imus  Mthough  several  ol  the  mice  that  were  phenotyped 
al  n  to  s  week'  post  irradiation  had  increased  numbers  of 
spleen  cells  l  4  ■  10'  sells),  which  is  compatible  with  an 

active  (All  histologic  examination  (ailed  to  reveal  any 
ol  her  ev  idenee  ol  <  i  \  II  in  I  he  epidermal,  gastrointestinal,  or 


hepatic  tissues  of  asymptomatic  long-term  survivors  Since 
vxe  did  not  autopsv  the  mice  that  died  before  6  weeks,  we 
have  not  established  whether  tlicv  had  acute  (iVI| 

I  here  have  been  reports  that  mice  treated  with  II  -I  to 
counter  the  toxic  doses  of  chemotherapeutic  agents  such  .... 
extoxnn  did  show  better  hematopoietic  than  immunologic 
rccov cry  It  is  therefore  possible  that  II  -I  max  promote 
granulocv topoiesis  and  cry  thropoiesis  at  the  expense  of  lx  n 
phopoiesis  and  could  therefore  either  reduce  the  incidence  or 
delay  the  onset  of  (i  VI I  On  the  other  hand,  our  studies  shove 
that  donor-cell  reconstituted  spleen  cells  from  mice  surviv¬ 
ing  -  1 1  :  lo  S  months  have  the  capacity  to  generate  T  cells 
that  are  cytotoxic  for  unrelated  (  H-2k)  but  not  donor  (  H-2J) 
or  recipient  ( I  l-2t’l  target  cells  This  suggests  that  the  T  cells 
in  the  chimeric  mice  that  sur'  ive  for  over  6  weeks  have  not 
only  become  tolerant  to  b.ith  donor  and  recipient  V1HC 
antigens  but  are  also  immunologically  competent,  as  judged 
by  their  ability  to  muster  a  specific  CTI  response  against  an 
unrelated  allogeneic  target  cell. 

Main  other  questions  concerning  the  contribution  of  1 1  - 1 
to  survival  of  let  halls  irradiated  BM-engraflcd  mice  remain 
to  be  answered  T  he  optimal  dosage,  schedule,  and  route  of 
administration  of  II  -  I  need  to  be  established  in  rodents  as 
well  as  m  larger  animal  models  The  hematologic'  recovery, 
miimine  competence,  and  occurrence  of  (iVH  in  II. -I 
treated  BM-cell  engrafted  mice  must  be  evaluated  in 
greater  detail  The  capacity  of  II  I  to  interact  with  other 
agents,  such  as  anti-asialo  (iM-1  antiserum  (which  sup¬ 
presses  natural  killer  |NK|  cell  activity  and  reduces  hybrid 
resistance  to  promote  bone  marrow  engraftment)’4  is  being 
studied  '  Our  findings  do  suggest  that  II  -  I  may  permit  the 
use  of  higher  doses  of  radiation  therapy  in  the  conditioning 
regimens  used  to  treat  malignancies  currently  managed  by 
allogeneic  BM  transplantation.  II  -1  may  allow  the  delivery 
ol  more  ell'ective  therapy .  either  by  itself  or  with  fewer  donor 
BM  cells. 
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RABIN.  B  M.  AND  W.  A.  HUNT  Interaction  of  haloperidol  and  urea  postrema  lesions  in  the  disruption  of  amphetamine -induced 
conditioned  taste  aversion  learning  in  rats.  PHARMACOL  BIOCHEM  BtiHAV  33( 4 )  X47-X5I .  19X4.  —Two  experiments  were  run 
to  determine  the  mechanisms  underlying  the  acquisition  of  an  amphetamine- induced  conditioned  taste  aversion.  In  the  first  experiment, 
it  was  shown  that  pretreatment  with  haloperidol  (0  I -0.5  mg/kg.  IPi  attenuated,  hut  did  not  prevent,  taste  aversion  learning  produced 
by  amphetamine  O  mg  kg.  IP).  In  the  second  experiment,  combining  area  postrema  lesions  with  haloperidol  (0.  5  mg/kg)  pretreatment 
completely  blocked  the  acquisition  of  an  am  neiamine-mduced  taste  aversion.  The  results  are  interpreted  as  indicating  that 
amphetamine- induced  taste  aversion  learning  has  both  a  central  component,  which  is  mediated  by  dopaminergic  receptors,  and  a 
nondopaminergic  peripheral  component,  which  is  mediated  by  the  area  postrema. 

Conditioned  taste  aversion  Amphetamine  Haloperidol  Dopaminergic  Area  postrema 


A  conditioned  taste  aversion  (CTA)  can  be  produced  by  pairing  a 
novel  tasting  solution  with  a  variety  of  unconditioned  stimuli, 
including  iom/ing  radiation,  lithium  chloride  (LiC'l).  amphetamine 
and  morphine  (6.17).  The  neural  mechanisms  underlying  the 
acquisition  of  a  CTA  to  toxic  treatments  appear  to  differ  from 
those  underlying  taste  aversions  produced  by  self-administered 
compounds  (6).  In  contrast  to  radiation-  and  LiCI-induced  taste 
aversions,  which  require  the  medr.iion  of  the  area  postrema  tAP) 
(II.  14,  !6t,  AP  lesions  have  no  effect  on  the  acquisition  of  a  CTA 
produced  by  injection  of  higher  doses  of  amphetamine  (>1.5 
nigTvgl  (15.161  or  morphine  (19).  Conversely,  manipulation  of 
specific  catecholaminergic  systems  disrupts  CTA  learning  follow¬ 
ing  injection  of  amphetamine,  hut  not  that  induced  by  LiCI  ( 10. 
17.  20.  2 1 1. 

Since  amphetamine  is  a  dopamine  agonist,  most  research  into 
the  neural  mechanisms  of  amphetamine- induced  CTA  learning  has 
focused  on  the  role  of  the  dopaminergic  system  in  this  behavior. 
However,  this  research  has  shown  that  disruption  of  dopaminergic 
activity  causes  only  an  attenuation  of  amphetamine-induced  CTA 
learning  rather  than  its  complete  elimination  (5.  10.  17.  20.  21 1.  as 


would  be  expected  if  the  dopaminergic  properties  of  amphetamine 
formed  the  basis  tor  the  acquisition  of  the  CTA.  Since  the 
observation  of  an  attenuated  response,  instead  of  its  eliminafion. 
may  reflect  an  incomplete  disruption  of  dopaminergic  activity,  the 
first  experiment  in  this  scries  was  designed  to  further  evaluate  the 
role  of  dopamine  in  the  acquisition  of  ~n  amphetamine-induced 
CTA  by  using  subjects  that  had  been  pretreated  with  the  dopa¬ 
minergic  antagonist  haloperidol.  Haloperidol  was  selected  because 
it  has  a  high  binding  capacity  for  dopamine  receptors  1 1 ).  and 
should,  therefore,  block  dopaminergic  activity  at  doses  that 
produce  few  CTA-related  side-effects  (4). 

UKNKRA1  Mt.THOD 

Subjects 

The  subjects  were  male  CrI  CD  BR  VAF  PIus  rats  ( Ratios 
norsepu  us  t  weighing  700  400  g  at  the  start  of  the  experiment. 
Rats  were  quarantined  on  arrival  and  screened  for  evidence  of 
disease  before  being  released  from  quarantine.  They  were  niain- 


1  Requests  tor  reprints  should  be  addressed  to  Bernard  M  Rabin.  Department  ot  Psycholog v .  I’mversitx  ot  Marx  land  Baltimore  County  .  Baltimore.  MD 
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ence  between  the  minimum  dose  needed  to  produce  an  attenuation 
and  the  dose  that  produces  a  maximal  effect.  Alternalixely.  ii  max 
also  reflect  the  fact  that  the  lowest  dose  tested  was  sufficient  to 
produce  maximal  attenuation  of  the  amphetamine-induced  OTA. 
In  the  latter  instance,  the  use  of  exen  lower  doses  max  he 
necessarx  to  shoxx  dose-dependent  haloperidol  effects  on  amphet¬ 
amine-induced  CTA  learning.  The  present  data  do  not  allow  an 
evaluation  of  these  alternate  hypotheses. 

Howexer.  it  is  not  clear  why .  if  the  amphetamine-induced  CTA 
depends  upon  the  action  of  the  drug  at  dopaminergic  sx  napses.  the 
disruption  of  dopaminergic  activity  produces  only  an  attenuation 
of  CTA  learning  and  not  the  complete  loss  of  the  response.  One 
possibility,  suggested  by  Lorden  era/.  (  IOi.  is  that  the  intraxen- 
tricular  injection  of  6-hydroxy  dopamine,  which  attenuates  am¬ 
phetamine-induced  C'TA  learning,  produces  depletion  of  both 
dopamine  and  norepinephrine.  In  contrast,  intranigral  administra¬ 
tion  of  6-hydroxydopamine  causes  depletion  only  of  dopamine  and 
does  not  affect  the  acquisition  of  an  amphetamine-induced  CTA. 
suggesting  that  the  combined  depletion  of  both  dopamine  and 
norepinephrine  is  necessary  for  the  attenuation  of  an  amphet¬ 
amine-induced  CTA  under  these  conditions.  This  hypothesis, 
howexer.  is  not  consistent  xxith  the  observation  that  treatment  with 
the  dopamine  antagonists  pimozide  and  haloperidol  are  effective  in 
attenuating  amphetamine-induced  CTA  learning  in  a  manner 
similar  to  that  observed  following  intravcntrieularly -administered 
6-hydroxydopamine.  because  the  effects  of  these  drugs  are  re¬ 
stricted  to  the  dopaminergic  system.  It  is  possible  that  imrr.igral 
injection  of  6-hydroxydopamine  does  not  produce  the  same  pattern 
of  dopamine  loss  as  produced  by  intraventricular  injection,  such 
that  specific  structures  that  may  be  important  in  mediating  the 
CTA  response  may  not  have  be_n  affected  by  the  treatment  (<>). 

Another  possibility  ray  involve  the  area  postrema.  Although 
taste  aversions  prouuced  by  high  doses  of  amphetamine  (>1.5 
mg/kg)  are  not  affected  by  AP  lesions  1 15.16),  aversions  produced 
by  lower  doses  of  amphetamine  do  seem  to  be  mediated  by  the  AP 
i  1 5 1.  AP  involvement  in  mediating  the  CTA  response  to  amphet¬ 
amine  may  reflect  the  operation  of  two  possible  mechanisms. 
First,  it  may  result  from  activation  of  dopaminergic  receptors 
located  in  the  AP  19.12).  Consistent  with  this  hypothesis  are  data 
showing  that  intracranial  injections  of  amphetamine,  unlike  LiCl. 
into  the  vicinity  of  (he  AP  will  produce  a  CTA  (2.  IX).  and  that 
lesions  of  the  AP  can  alter  the  motor  responses  of  rats  to  injection 
of  amphetamine  (3).  However,  this  hypothesis  is  not  consistent 
with  the  present  results  because  the  haloperidol  injection  should 
have  blocked  all  dopaminergic  activity,  both  in  the  AP  as  well  as 
centrally. 

Alternatively,  the  AP  may  be  involved  as  the  result  of  its 
activation  by  an  endogenous,  nondopaminergic.  peripheral  factor, 
in  a  manner  similar  to  that  involved  in  the  acquisition  of  LiCl-  and 
radiation-induced  aversions  (13).  This  hypothesis  would  suggest, 
therefore,  that  amphetamine-induced  CTA  learning  invoL.  .  both 
a  peripheral  mediator  as  well  as  a  central  dopaminergic  compo¬ 
nent.  It  may  therefore,  be  that  the  manipulation  of  dopaminergic 
synapses  by  neurotoxins  or  by  use  of  dopamine  antagonists  affects 
only  the  central  mechanisms  involved  in  amphetamine-induced 
CTA  learning,  but  not  the  peripheral  mechanisms  involving  the 
AP.  t  his  results  in  an  attenuation  of  the  CTA  response  rather  than 
its  complete  disruption  following  manipulation  of  the  dopaminer¬ 
gic  sy  stem.  If  this  hypothesis  is  correct,  then  it  should  be  possible 
to  produce  a  complete  disruption  of  amphetamine-induced  CTA 
learning  by  combining  haloperidol  treatment  with  lesions  of 
the  AP. 

hXPt.RIMF.Nl  2 

As  indicated  above,  this  experiment  was  designed  to  evaluate 


the  possibility  that  amphetamine-induced  CTA  learning  involves 
both  a  central  component  mediated  by  the  dopaminergic  system 
and  a  peripheral  component  mediated  by  the  AP 

Procedure 

Histologically  confirmed  lesions  were  made  in  the  AP  of  13 
male  albino  rats.  An  additional  14  rats  served  as  unoperated 
controls.  The  details  of  the  surgical  procedures  have  been  pub¬ 
lished  previously  ( 14.15).  Briefly  ,  the  rats  were  anesthetized  with 
sodium  pentobarbital  (35  mg/kg.  IP),  the  AP  exposed  and  cau'er- 
ized  under  direct  visual  control.  Following  surgery,  all  animals 
were  given  a  prophylactic  injection  of  Bicilhn  160.000  units), 
returned  to  their  home  cages  and  allowed  to  recover  from  the 
effects  of  the  surgery  for  3  4  weeks  before  beginning  the  behav¬ 
ioral  testing. 

The  behavioral  procedures  were  identical  to  those  detailed 
above  except  that,  because  there  were  no  dose  effects,  only  a 
single  dose  of  haloperidol  was  used  (0.5  mg/kg.  IPi  ’rl,e  intact 
rats  were  divided  into  two  groups  t n  =  7  each:,  one  of  which  was 
given  haloperidol  followed  30  min  later  by  amphetamine  (3 
mg/kg.  IP),  while  the  second  group  was  given  an  equivolume 
injection  of  salin-  followed  by  amphetamine.  All  the  rats  w  ith  AP 
lesions  v  cie  treated  with  haloperidol  followed  by  amphetamine. 
These  procedures  were  similar  to  those  utilized  in  a  previous  study 
of  the  role  of  the  AP  in  the  acquisition  of  an  amphetamine-induced 
CTA  (15).  with  the  exception  that  the  control  rats  in  that  study 
were  not  given  an  injection  of  isotonic  saline  prior  to  the 
amphetamine  injection. 

At  the  conclusion  of  the  experiment,  the  operated  animals  were 
sacrificed  with  an  overdose  of  pentobarbital  (50  mg/rat.  IP)  and 
pertused  intracardially  with  isotonic  saline  and  IOC  formalin 
saline.  The  brains  were  removed,  fixed  in  formalin  saline  and  50 
pm  sections  taken  from  the  brainstem  at  the  level  of  the  AP. 
Representative  sections  of  the  AP  and  a  lesion  are  presented  in 
Fig.  2.  Lesion  size  was  somewhat  variable,  involving  only  the  AP 
in  some  cases,  but  impinging  on  the  dorsal  parts  of  the  nucleus  of 
the  solitary  tract  in  others.  However,  no  behavioral  differences 
were  observed  as  a  function  of  lesion  size. 

Results 

There  were  no  significant  differences  in  average  fluid  intake 
between  the  three  experimental  groups.  As  shown  in  Fig.  3. 
pretreatment  with  haloperidol  in  intact  animals  attenuated  the  CTA 
produced  by  in  jection  of  amphetamine,  but  did  not  eliminate  it.  In 
the  rats  with  AP  lesions,  however,  pretreatment  with  haloperidol 
produced  a  complete  disruption  of  amphetamine-induced  CTA 
learning.  This  finding  contrasts  with  previous  research  (15) 
showing  that  AP  lesions  do  not.  by  themselves,  produce  a 
significant  attenuation  of  a  CTA  following  injection  of  3  mg/kg 
amphetamine. 

Siaiisticai  analysis  of  the  data  using  an  analy  sis  of  variance 
followed  by  orthogonal  comparisons  (7)  indicated  that  for  the 
intact  animals  the  saline-treated  rats  showed  a  significantly  re¬ 
duced  test  day  sucrose  intake  compared  to  the  haloperidol-treated 
rats.  F(  1 .23)  =  6.67.  /><(). 05.  The  comparison  between  the  intact 
rats  and  those  with  AP  lesions  was  also  significant.  F‘tl.23i  = 
29.21.  /><0.0I.  indicating  that  both  groups  of  intact  rats  showed 
a  greater  test  day  aversion  to  the  sucrose  than  did  the  group  w  ith 
AP  lesions. 

Discussion 

These  results  clearly  indicate  that  the  AP  is  involved  in  the 
acquisition  of  an  amphetamine-induced  CTA.  As  was  observed  in 
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FIG  2.  Photomicrographs  of  sections  of  the  brainstem  of  an  intact  rat  shine  ini:  the  area  postrema  I  A.  arrow !  and  a  representative  lesion  (B). 


the  first  experiment  of  this  series,  haloperidol  pretreatment  atten¬ 
uated  the  CTA  produced  by  amphetamine,  hut  did  not  completely 
block  it.  Previous  research  has  shown  that  lesions  of  the  APdo  not 
affect  the  acquisition  of  an  amphetamine-induced  CTA  when 
higher  doses  of  amphetamine  are  used  (15).  A  complete  disruption 
of  the  amphetamine-induced  CTA  was  obtained  only  when  the 
haloperidol  was  combined  w  ith  lesions  of  the  AP. 

A  possible  explanation  for  the  present  observation  of  AP 
involvement  in  the  CTA  following  administration  of  3  mg/kg 
amphetamine  may  be  that,  in  the  untreated  animal,  the  response  of 
the  central  dopaminergic  system  to  the  large  dose  of  amphetamine 
overshadows  a  relatively  weak  response  mediated  by  the  AP. 
leading  to  the  acquisition  of  a  CTA  that  is  apparently  not 
modulated  by  the  destruction  of  the  AP.  In  contrast,  when  the 
activity  of  the  central  dopaminergic  system  has  been  reduced  by 
treatment  with  the  dopamine  antagonist  haloperidol.  as  in  the 
present  experiment,  or  by  other  means  (5.  10.  17.  20.  21 ).  then  the 
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contribution  of  the  AP-mediated  mechanisms  are  expressed  in 
behavior.  Thus,  the  complete  elimination  of  amphetamine-induced 
CTA  learning  requires  both  the  disruption  of  the  mechanisms 
mediated  by  the  dopaminergic  system  as  well  as  those  mediated  by 
the  AP.  which  are  independent  of  the  dopaminergic  system. 

OKNhRAl.  DISCI  . SSION 

The  present  results  indicate  that  the  acquisition  of  a  taste 
aversion  follow  ing  in  jection  of  the  dopamine  agonist  amphetamine 
involves  two  distinct  mechanisms:  a  central  mechanism  mediated 
hy  the  dopaminergic  system  as  well  as  a  peripheral  mechanism 
mediated  by  the  AP.  Complete  disruption  of  amphetamine-in¬ 
duced  CTA  learning  requires  manipulations  that  affect  both 
mechanisms  simultaneously . 

In  this  regard,  amphetamine  seems  to  be  somewhat  unique.  For 
both  radiation-  and  LiCl-induced  aversions,  destruction  of  the  AP 
is  sufficient  to  produce  the  complete  disruption  of  CTA  learning 
(II.  14.  16).  Manipulation  of  the  dopaminergic  system  by 
intraventricular  injection  of  neurotoxins  ( 10.  17.  20)  or  by  lesions 
of  the  dorsolateral  tegmentum  ( 2 1 )  have  no  effect  on  the  acquisi¬ 
tion  of  a  LiCl-induced  CTA.  Similarly,  pretreatment  with  halo¬ 
peridol  (0. 1-0.5  mg/kg)  has  no  effect  on  the  acquisition  of  a 
radiation-induced  CTA  (Rabin  and  Hunt,  unpublished  results). 
These  findings  suggest  that,  with  the  exception  of  amphetamine,  a 
dopamine  agonist,  the  dopaminergic  system  is  not  routinely 
involved  in  the  acquisition  ol  a  CTA  w  ith  these  toxins.  Therefore, 
the  present  results  would  suggest  the  hypothesis  that  the  acquisi¬ 
tion  of  a  CTA  may  involve  distinct  brainstem  pathways,  depend¬ 
ing  upon  the  specific  nature  of  the  unconditioned  stimulus. 
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Incubation  of  canine  marrow  and  peripheral  blood 
mononuclear  cells  with  L-leucyl-L-leucine  methyl  ester 
resulted  in  the  inhibition  of  mitogen-  and  alloantigen- 
induced  blastogenesis,  the  elimination  of  ailosensitized 
CTL  and  NK  activity,  and  prevented  the  development 
of  CTL  from  pCTL.  The  effects  of  these  incubations  were 
similar  to  those  described  in  mice  and  humans.  Addi¬ 
tionally,  in  vitro  CFU-GM  growth  from  treated  canine 
marrow  was  reduced,  but  could  be  regained  when  the 
Leu-Leu-OMe-treated  marrow  was  cocultured  with 
either  untreated  autologous  peripheral  blood  mononu¬ 
clear  cells  or  monocyte-enriched  PBMC  but  not  with 
untreated  monocyte-depleted  PBMC.  Six  of  seven  dogs 
conditioned  with  920  cGy  total-body  irradiation  en¬ 
grafted  successfully  after  receiving  autologous  marrow 
that  was  incubated  with  Leu-Leu-OMe  prior  to  infusion. 
These  cumulative  results  indicate  that  incubation  with 
Leu-Leu-OMe  is  a  feasible  method  to  deplete  canine 
marrows  of  alloreactive  and  cytotoxic  T  cells  prior  to 
transplantation . 

The  success  of  allogeneic  marrow  transplantation  as  treat¬ 
ment  for  malignant  and  nonmalignant  hematopoietic  diseases 
has  been  restricted  by  the  serious  complications  of  graft-versus- 
host  disease  (/,  2).  Experiments  in  a  variety  of  mammalian 
marrow  transplant  models  have  shown  that  removal  of  mature 
T  cells  from  donor  marrow  permits  engraftment  without  the 
development  of  GVHD  ( "6).  Based  on  these  and  similar 
observations,  studies  have  been  carried  out  to  evaluate  the 
effects  of  T  cell  depletion  prior  to  allogeneic  marrow  transplan¬ 
tation  in  humans.  Most  studies  have  employed  marrow  treat¬ 
ments  with  anti-T  cell  monoclonal  antibodies  plus  complement 
or  with  soybean  agglutinin  followed  by  E  rosette  formation  and 
density  gradient  centrifugation  (7-9).  In  general,  removal  of  T 
cells  has  been  associated  with  a  marked  decrease  in  both  the 
incidence  and  severity  of  GVHD.  However,  the  use  of  T  cell- 
depleted  marrow  has  also  been  associated  with  an  increased 
incidence  of  marrow  graft  rejection  ( 10). 
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Recently,  Thiele  and  Lipsky  have  described  a  dipeptide 
methyl  ester,  L-leucyl-L-leucine-methyl  ester  (Leu-Leu-OMe)* 
that  can  eliminate  natural  killer  cells  (NK),  monocytes  (M0), 
and  precursors  of  alloantigen-specific  cytotoxic  T  cells  (pCTL) 
from  mouse  spleen  cell  suspensions  and  from  both  mouse  and 
human  peripheral  blood.  This  treatment  leaves  intact  B  cells, 
helper  T  cells,  and  murine  erythroid  and  hematODoietic  stem 
cells  ( 1 1-14).  In  a  murine  histoincompatible  marrow  transplant 
model  (C57BL/6J— *(C57BL/6xDBA/2)F,),  treatment  of  donor 
marrow  and  spleen  cells  with  Leu-Leu-OMe  resulted  in  suc¬ 
cessful  donor  marrow  engraftment  and  the  development  of 
stable  long-term  hematopoietic  chimerism  without  GVHD  (14- 
16).  The  use  of  Leu-Leu-OMe  to  treat  marrow  may  have 
advantages  over  currently  used  methods.  The  use  of  Leu-Leu- 
OMe  is  very  simple,  requiring  but  a  single  15-min  incubation. 
In  addition,  it  appears  that  marrow  incubation  with  Leu-Leu- 
OMe  results  in  the  elimination  of  the  cells  responsible  for  acute 
GVHD  while  at  the  same  time  preserving  hematopoietic  stem 
ceils  needed  for  engraftment  and  the  cells  required  for  immune 
reconstitution  ( 15,  16). 

We  and  others  have  used  dogs  as  a  large,  outbred  animal 
model  for  us  in  experimental  marrow  transplantation  (17,  18). 
The  present  studies  were  undertaken  to  determine  whether  the 
incubation  of  canine  marrow  and  peripheral  blood  cells  with 
Leu-Leu-OMe  would  yield  alterations  of  in  vitro  cellular  im¬ 
mune  function  comparable  to  those  described  in  human  and 
murine  cells  and  to  investigate  the  effects  of  marrow  incubation 
with  Leu-Leu-OMe  on  early  hematopoietic  progenitors  and 
stem  cells  assayed  for  both  in  vitro  and  in  vivo  function. 

MATERIALS  AND  METHODS 

Dogs.  Beagles,  hounds,  and  mixed  breed  hounds,  obtained  from 
commercial  vendors  in  Washington  and  Virginia  or  raised  at  the  Fred 
Hutchinson  Cancer  Research  Center  (FHCRCl,  were  dewormed  and 
vaccinated  against  distemper,  hepatitis,  leptospirosis,  and  parvovirus 
liefore  use  in  this  study.  All  dogs  were  at  least  six  months  of  age  and 
were  maintained  at  the  FHCRC  canine  kennel  facilities  per  guidelines 
stipulated  by  the  National  Academy  of  Sciences  National  Research 
Council.  The  research  protocol  was  approved  by  the  Internal  Animal 
Care  and  Use  Committee  at  the  F'red  Hutchinson  Cancer  Research 
Center. 

Medium  Waymotilh's  MB 77 2/ 1  medium  1  FHCRC  media  prepara¬ 
tion  facility),  supplemented  with  0  1  mM  nonessential  amino  acids  and 
100  U/ml  penicillin  and  1(H)  ug/ml  streptomycin  (all  from  GIBCOl. 

‘Abbreviations:  I.eu-Leu-OMe.  I.  leucyi  1.  leuoine-methvl  ester; 
Mu,  monocytes;  B-MI.C.  bulk  MI.C,  NVVN.A  nylon  wool  nonadherent; 
CFC-C,  colony  forming  unit  in  culture;  REDS,  postendotoxin  dog 
serum;  CTAC.  canine  thyroid  adenocarcinoma  cell  line 
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was  used  for  the  dilution  of  heparinized  whole  blood  and  marrow  for 
the  cell  separation  procedures.  Waymouth's  medium  supplemented  as 
above  with  the  addition  of  1  0'7  to  20rl  heat  inactivated  (56  ('I  normal 
pooled  dog  serum  (M  NPS/10  'JO''; )  was  used  for  the  mixed  leukocyte 
culture  microassays,  hulk  MIX’  (B-MLC).  cell  mediated  lympholysis, 
and  NK  assays. 

Cell  preparation.  Peripheral  blood  mononuclear  cells  were  obtained 
by  the  centrifugation  of  heparinized  venous  whole  blood  (diluted  1:2 
with  medium!  over  Ficoll-Hypaque  density  gradients  (Sp.  density 
1.0741  as  previously  described  1)9).  Bone  marrow  cells  (BMC)  for  in 
vitro  assays  were  obtained  by  syringe  aspiration  from  the  humeral  head 
of  an  anesthetized  dog.  The  marrow  was  diluted  1:2  with  medium  and 
overlayed  onto  Ficoll-Hypaque  density  gradients  for  centrifugation 
(1000  x  g),  following  which  the  interface  cells  were  washed  once  with 
hemolytic  buffer  and  twice  with  medium.  The  PBMC  and  marrow  cells 
were  resuspended  into  medium  for  cell  counts  and  viahilitv  assessment 
using  the  trypan-blue  exclusion  technique. 

Monocyte-enriched  cells  were  obtained  by  treating  PBMC  with  the 
anticanine  murine  monoclonal  antibody  Dly  6  120)  as  follows:  600X10' 
PBMC  were  incubated  for  60  min  at  room  temperature  in  60  ml  of 
1:100  diluted  Dly  6  (ascites  containing  antibody),  and  then  an  equal 
volume  of  1:2  diluted  rabbit  serum  complement  (Pel  Freeze,  Rogers, 
AR)  was  added  for  an  additional  60  min.  The  cells  were  washed  once 
with  medium,  resuspended  in  60  ml  of  1:6  diluted  rabbit  serum  comple¬ 
ment,  and  incubated  again  for  60  min.  After  washing  twice  in  medium, 
these  cell  suspensions  contained  61±87f  (SEM)  viable  monocytes,  16± 
6%  lymphocytes,  and  28±9r<  granulocytes,  primarily  eosinophils. 

Monocyte-depleted  PBMC  were  obtained  by  first  passing  PBMC 
over  nvlon-wool  columns  as  previously  described  (21),  and  then  trans¬ 
ferring  80x10'  nylon-wool-nonadherent  (NWNA)  cells  in  10  ml  of 
medium,  containing  5 '7  fetal  calf  serum,  into  plastic  petri  dishes 
(Falcon  No.  8008,  Lincoln  Park,  NJ)  for  2  hr  incubation  at  87°C,  7<7 
CO..  This  depletion  technique  yielded  approximately  95 ± l ri  lymphoid 
cells  with  greater  than  90<'r  viability  and  less  than  8'7  monocytes  as 
determined  by  morphologic  assessment  of  Wright -stained  cytospin 
preparations. 

Preparation  of  Ijeu  lA’U-OMe  The  Leu-Leu  OMe  was  synthesized 
from  L-leucyl-L-leucine  (Sigma  Chemical  Co,  St  Louis,  MO)  as  previ¬ 
ously  described  (ID.  Qualitative  assessment  of  Leu- Leu  OMe  purity 
was  obtained  by  thin  layer  chromatography  (TLC)  (22).  Briefly.  5  A  of 
5x10  '  M  solutions  of  L-leucine  methyl  ester  (Leu-OMe)  (dissolved  in 
absolute  methanol),  L  leucine  (Leu),  L-leucyl-L-leucine  (Leu-Leu) 
(both  dissolved  with  heat  and  stirring  in  absolute  methanol  containing 
0.5  N  HC1),  and  the  synthesized  Leu-Leu-OMe  were  applied  to  pre¬ 
coated  TLC  plates  (250  pM,  10x20 -cm,  HPTLC  Kieselgel  60  (Merck). 
Darmstadt.  West  Germany),  and  quickly  dried  under  a  stream  of  warm 
air  The  plates  were  developed  for  2.5  hr  in  an  enclosed,  equilibrated 
system  containing  the  following  mixture  of  reagent  grade  solvents: 
chloroform,  absolute  methanol  and  acetic  acid  at  volume  ratios  of 
19:0.6:12.5,  respectively.  The  migrations  of  the  four  compounds  were 
visualized  by  applying  an  aerosol  spray  of  0.2rc  ninhydrin  in  ethanol 
and  then  placing  the  plates  in  a  60“C  oven  for  80  min.  R,  values  (the 
ratio  of  the  distance  the  compound  travels  to  the  distance  the  solvent 
front  travels)  were  calculated,  in  order  to  assess  the  resultant  migra¬ 
tions,  according  to  the  following  formula  (22): 

^  ^  distance  traveled  bv  compound 
distance  traveled  by  solvent  front 

Leu  Leu-OMe  was  stored  at  -20°C  in  absolute  methanol  and.  based 
on  repeated  TLC  analysis,  was  stable  for  at  least  three  months 

Incubation  of  I'HMC  or  marrow  cells  with  Iwu  lwu  -t  )Me  Equal 
volumes  of  RBMC  or  marrow  cell  suspensions  and  Leu-I-eu-OMe  at 
the  indicated  final  concentrations  were  incubated  for  15  min  at  room 
temperature  Cells  for  in  vitro  studies  were  washed  twice  and  resus 
pended  in  medium.  Marrow  cells  used  for  autologous  infusion  were 
incubated  at  cell  concentrations  of  20xl0‘/ml  in  Leu  Leu-OMe  solu 


tions  that  contained  0.1  C/ml  DNAase  (Worthington  Enzymes  and 
Biochemicals.  Freehold  NJ  I.  After  incubation,  these  cells  were  washed, 
counted,  and  reinfused  within  1  8  hr. 

Mixed  leukocyte  culture  and  mitogen  assay s.  MLCs  were  established, 
labeled  with  |  H (thymidine,  harvested,  and  prepared  for  liquid  scintil¬ 
lation  counting  as  previously  described  1 28)  with  minor  modifications. 
The  10  Leu-lyeu-OMe  treated  or  untreated  responder  and  10  irradi¬ 
ated  (2800  rads)  untreated,  stimulator  PBMC  were  cocultured  in  a 
final  volume  of  200  gl  M  NPS/20'7  per  well.  Mitogen  stimulation  was 
assessed  by  adding  either  875  ggjml  PHA  ID1FCO,  Detroit  Mil.  200 
ag/ml  Con  A,  (Calbiochem.  San  Diego  CAl,  or  200  ag/ml  PWM 
(G1BCO.  Grand  Island,  NY)  to  10  treated  or  untreated  responder  cells 
in  a  final  volume  of  200  id  of  M- NPS/20'7  .All  cultures  were  established 
in  triplicate  in  microtiter  plates  (Costar  No.  8799.  Cambridge  MA)  for 
7  nays  at  8 7  C.  7v  CO  ,  in  a  humidified  incubator. 

Hulk  MIX'  t  B-MLC)  and  cell-mediated  lympholysis  assays.  Bulk 
MLCs  were  established  using  either  untreated  or  Leu-Leu-OMe- 
treated  PBMC  or  marrow  cells  as  responders,  and  untreated,  irradiated 
PBMC  as  stimulators,  to  generate  CTL  for  CML  assays,  as  previously 
described  (19).  with  modifications.  CTL  were  derived  from  these  cul¬ 
tures  to  form  two  CML  assay  groups:  1 1 )  responder  PBMC  or  marrow 
cells  treated  with  Leu-Leu-OMe  or  MeOH  on  day  0  prior  to  mixing 
with  irradiated  stimulator  PBMC  in  B-MLC  (day  0):  and  (2)  Leu-Leu- 
OMe  or  MeOH  treatment  of  7-day  B-MLC  generated  CTL  (day  7). 
CTLs  were  mixed  at  a  50:1  effectortarget  ratio,  with  Cr-labeled  "Na 
Cr04  (800-500  gCi/ml,  NEN,  Wilmington  DE)  Con  A  stimulated 
PBMC  targets.  Cultures  of  PBMC  to  be  used  for  targets  in  the  CML 
assays  were  established  on  the  same  day  of  B-MLC.  and  stimulated 
with  Con  A  on  day  4  of  culture.  The  4-hr  ‘Or  release  assay  was 
performed  as  previously  described  ( 19).  The  mean  spontaneous/maxi¬ 
mum  !Cr  release  ratio  was  16±1'7  l±  SEM).  while  maximum  release/ 
total  T r  incorporation  was  90+2‘r  for  targets  used  in  this  series  of 
CML  assays. 

Proliferation  of  treated  or  untreated  responder  PBMC  or  marrow- 
cells  in  7-dav  B-MLC  was  measured  by  distributing  200-pl  aliquots 
from  each  B-MLC  flask  into  triplicate  microculture  wells  and  labeling 
for  7  hr  with  [  H]thymidine.  Cell  harvest  and  liquid  scintillation 
counting  were  performed  as  described  for  MLC  (28). 

Xatural  killer  cell  (A IK)  assays.  Leu-Leu-OMe  or  MeOH  treated  or 
untreated  PBMC  and  marrow  cells  were  assayed  for  NK  activity  against 
a  "C r-labeled  canine  thyroid  adenocarcinoma  cell  line  (CTAC)  in  a  18- 
hr  assay  with  the  percentage  of  'Or  release  calculated  as  previously 
described  (2-/). 

In  vitro  marrow  cultures  for  CFl  (IM  growth  Leu-Leu-OMe  and 
MeOH  treated  and  untreated  marrow  cells  were  tested  for  in  vitro 
hematopoietic  progenitor  growth  using  an  agar-based  colony  formation 
assay  that  utilizes  postendotoxin  dog  serum  (PEDS)  as  the  source  of 
colony-stimulating  factor  (25).  Growth  of  granulocyte/macrophage  col¬ 
onies  (CFll-GM)  was  assayed  in  cultures  containing  10  or  8x10' 
treated  or  untreated  marrow  cells  only,  and  in  cultures  in  which  marrow 
cells  were  cocultured  with  either  10  autologous  PBMC.  Mp-enriched 
or  Mp-depleted  PBMC,  or  Leu-Leu-OMe  treated  PBMC  (incubated 
with  lOOOgM  Leu-Leu-OMe).  Cultures  were  incuhated  in  triplicate  for 
10  days  in  a  87”C.  7 rr  CO.  humidified  incubator  and  GFU-GM  colonies 
were  enumerated  as  previously  described  (25). 

Autologous  marrow  transplantation.  Marrow  for  autologous  trans¬ 
plantation  was  obtained  by  a  vacuum  pump  aspiration  procedure  (26), 
processed  over  a  Ficoll-Hypaque  density  gradient  and  incubated  with 
Leu  Leu  OMe.  All  recipients  were  conditioned  with  920  cGy  total-body 
irradiation  delivered  as  a  single  exposure  from  two  opposing  ""Co 
sources  at  7.(1  cGy/min  (26).  The  lecipients  were  infused  with  treated 
autologous  marrow  within  5  hr  of  TBI  Supportive  care  pre-  and 
posttransplantation  with  antibiotics,  i.v.  fluids,  and  whole-blood  trans¬ 
fusions.  was  given  as  previously  described  (2D.  In  addition,  recipients 
were  given  oral  antibiotics  (Neomycin  sulfate  and  polymyxin  B  sulfate) 
daily  for  five  days  before  TBI  and  posttransplant  until  the  granulocyte 
count  reached  5()()/mm 
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Thin-layer  chromatographic  analysis  of  synthesized  Leu  Leu 
OMc.  Three  hatches  of  Leu- I,-u-OMe  were  synthesized  for  use 
in  the  in  vitro  studies  and  autologous  transplant  experiments 
described.  Consistent  K.  values  were  obtained  for  each  batch  of 
Leu-Leu-OMe  and  for  the  three  control  compounds  tested. 
Within  the  Leu-Leu-OMe,  there  was  a  secondary  spot  that 
migrated  with  a  R  value  equal  to  that  observed  tor  the  L- 
Leucyl-L-leucine.  The  consistency  of  the  R.  values  indicated 
that  constant  yield  and  purity  was  achieved  with  minimal 
batch -to- batch  variations. 

Viability  of  I'BM'"  end  marrow  cells  after  incubation  ti  lth 
Leu-Leu-OMe.  The  viability  of  treated  RBMCand  marrow' cells 
was  assessed  within  1  hr  after  incubation  with  Leu-Leu-OMe. 
There  was  no  significant  difference  in  viabilities  observed  in 
cells  treated  with  either  Leu-Leu-OMe  (up  to  1000  //Ml,  O.a'V 
MeOH  in  PBS,  or  PBS  only.  No  time-course  studies  were  done 
to  assess  the  viability  of  PBMC  and  marrow  cells  more  than  1 
hr  after  incubation  with  Leu  Leu-OMe. 

Elimination  of  alloantigen  responsiveness  and  mitogen-in¬ 
duced  lymphocyte  blastogenesis  by  incubation  of  PBMC  with 
Leu-Leu-OMe.  PBMC  were  treated  at  either  2X10‘  or  20x10"/ 
ml  with  Leu-Leu-OMe  and  tested  in  micro-MLC,  and  blasto- 
genesis  assays  (Fig.  1).  In  all  assays  there  was  a  Leu-Leu-OMe 
dose-dependent  reduction  in  the  proliferative  response  such 
that  virtually  no  blastogenesis  was  observed  after  incubation 
with  1000  pM  Leu-Leu-OMe. 

Treatment  of  20x10'  responder  PBMC  or  marrow  cells  be¬ 
fore  bulk  MLC  resulted  in  similar  Leu-Leu-OMe  dose-depend¬ 
ent  reductions  in  proliferative  response  (data  not  shown).  The 
marrow  cells  gave  a  lower  baseline  level  of  [  H)thymidine 
incorporation  and  were  more  sensitive  than  the  PBMC  to 
treatment  with  Leu-Leu-OMe  (data  not  shown).  Treatment  of 
PBMC  marrow  cells  with  0.50  MeOH  in  PBS  had  no  effect  on 
the  alloproliferative  response  in  B-MLC  (data  not  shown). 

Elimination  of  the  generation  of  antigen-specific  cytotoxic  T 
lymphocytes  by  incubation  of  PBMC  and  marrow  cells  with  b'u- 
Leu-OMe.  The  effect  of  Leu-Leu-OMe  on  the  generation  of 
antigen-specific  cytotoxic  T  cells  was  measured  by  incubating 
responder  PBMC  and  marrow  cells  with  Leu-Leu-OMe  (day  0 
treatment),  and  then  testing  these  cells  in  a  standard  CML 
assay  after  7  days  of  culture  in  B-MLC.  Treatment  with  1000 
f/M  Leu-Leu-OMe  eliminated  the  generation  of  cytolytic  activ¬ 
ity  against  Cr-labeled  alloantigen-specific  Con  A-stimulated 
PBMC  (Fig.  2).  These  results  indicated  that  the  generation  of 
CTL  from  precursors  is  sensitive  to  incubation  with  Leu-Leu- 
OMe.  The  effect  of  Leu-Leu-OMe  incubation  on  CTL  already 
generated  in  7-day  bulk  MLC  (day  7  treatment)  was  also 
evaluated.  This  treatment  eliminated  antigen-specific  cytolytic 
activity  (Fig.  2).  Treatment  with  0.50  MeOH,  either  on  day  0 
or  day  7,  did  not  interfere  with  either  the  development  of  CTL 
or  the  specific  cytolysis  of  targets  assayed  on  day  7  (data  not 
shown). 

Elimination  of  NK  activity  after  incubation  of  PBMC  and 
marrow  cells  with  Leu-Leu-OMe  Marked  dimunition  of  NK 
activity,  in  a  dose-dependent  manner,  was  seen  after  incubation 
of  PBMC  or  marrow  cells  with  Leu-Leu-OMe,  and  NK  activity 
was  essentially  eliminated  after  treatment  with  1000  /uM  Leu- 
Leu-OMe  (Fig.  :1>. 

In  vitro  CFl’-CM  colony  growth  reduction  by  Leu-Leu-OMe 
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Fill!  KK  1.  Kflect  of  Leu-Leu-OMe  on  alloantigen-  and  mitogen- 
induced  lymphocyu  blastogenesis.  Data  for  I  H|thymidine  incorpora¬ 
tion  are  mean  cpm±SKM  from  multiple  assays  in  which  PBMC  were 
t reated  at  concentration  of  2x10"  or  20x10’  cells/ml. 
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Kk.ckk  2.  CML  assays  illustrating  the  effect  of  I.eu-I,eu-OMe 
treatment  on  p-CTL  (day  0)  or  on  7-day  B-MLC  generated  CTL  (dav 
71,  derived  either  from  PBMC  or  BMC.  The  ordinate  indicates  mean 
percentage  of  'Cr  release  ±  SKM  using  specific  alloantigen-sensitizing 
'Tr-labeled  Con  A-stimulated  PBMC  as  targets. 
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Fuji  kk  :i.  Leu-Leu-OMe  treatment  of  PBMC  and  BMC  eliminates 
NK  cytolytic  activity.  The  ordinate  indicates  mean  percentage  of  Cr 
release  ±  SKM  from  CTAC  at  three  different  effector:target  lK:Tl 
ratios.  For  this  series  of  assays,  the  mean  spontaneous/maximum  Cr 
release  ratio  was  2H±  l'<  l±  SKMl  and  the  maximum  release/total  Cr 
incorporation  ratio  was  H5±7'V. 
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treatment  uf  marrow  cells.  There  was  a  marked  reduction  in 
CFU-GM  colony  growth  obtained  from  marrow  cells  incubated 
with  varying  concentrations  of  Leu-Leu-OMe  (Table  1).  Mini¬ 
mal  CFU-GM  growth  was  observed  with  10  Leu-Leu-OMe 
treated  marrow  cells  per  plate  were  cultured.  There  was  some 
recovery  of  CFU-GM  growth  when  the  cell  number  was  in¬ 
creased  to  3x10  treated  marrow  cells  per  plate,  but  only  to  a 
level  that  was  approximately  25 'V  of  that  observed  with  3x10 
untreated  marrow  cells.  Addition  of  either  untreated,  autol¬ 
ogous  PBMC  or  Md-enriched  autologous  PBMC  increased 
CFU-GM  growth,  but  not  to  the  levels  observed  with  untreated 
marrow  cells  in  similar  cocultures.  The  addit  ion  of  Mp-depleted 
or  Leu-Leu-OMe  treated  autologous  PBMC  to  treated  marrow 
cells  did  not  augment  growth. 

The  effect  of  incubating  marrow  cells  with  Leu-Leu-OMe  on 
autologous  marrow  engraftment.  Six  of  the  seven  dogs  given 
Leu-Leu-OMe  treated  autologous  marrow  engrafted  and  did  so 
with  kinetics  similar  to  those  seen  in  recipients  of  untreated 
autologous  marrow  (Table  2  and  Fig.  41.  Platelet  counts  re¬ 
turned  to  normal  levels  between  20  to  30  days  posttransplant. 
Dog  C521  did  not  survive  past  day  20  posttransplant.  After 
Leu-Leu-OMe  incubation,  the  manow  cells  from  this  dog  were 
clumped  and  had  only  20rc  viability,  resulting  in  the  infusion 
of  a  very  low  marrow  cell  dose.  The  marrow  from  ('580  was 
incubated  with  the  same  concentration  of  Leu-Leu-OMe  as 


C521,  but  the  treated  marrow  cells  of  C580  did  not  clump  and 
this  dog  survived  with  rapid  engraftment.  Dog  BB8701  had  to 
be  euthanized  on  day  19  posttransplant  due  to  an  accidental, 
severe,  foot  injury  that  failed  to  respond  to  treatment,  but  did 
show  evidence  of  engraftment  as  indicated  by  a  rise  in  WBC 
and  the  marrow  cellularitv  at  autopsy. 

DISCUSSION 

Thiele  and  Lipskv  have  demonstrated  that  exposure  of  mouse 
spleen  cells  or  human  peripheral  blood  leukocytes  to  Leu-Leu- 
OMe  depletes  these  populations  of  monocytes,  NK  cells,  and 
cytotoxic  lymphocytes  at  both  the  precursor  and  effector  stages 
of  differentiation,  without  apparently  affecting  other  cell  pop¬ 
ulations  ( 11-13).  They  further  showed  that  incubation  of  mix¬ 
tures  of  murine  marrow  and  spleen  cells  with  Leu-Leu-OMe 
did  not  interfere  with  engraftment  and  could,  in  certain  circum¬ 
stances,  prevent  GVHD  (14-16).  In  the  studies  presented  here, 
we  found  that  canine  peripheral  blood  and  marrow  cells  behave 
similarly  following  exposure  to  Leu-Leu-OMe  with  the  elimi¬ 
nation  of  functional  monocytes,  NK  cells,  and  alloantigen- 
sensitized  CTL.  and  inhibited  the  development  of  CTL  from 
pCTL.  Further,  we  found  that  incubation  of  marrow  cells  with 
Leu-Leu-OMe  (even  at  very  high  doses)  did  not  inhibit  autol¬ 
ogous  engraftment  in  recipients  conditioned  with  920  cGv  TB1. 
These  studies  also  demonstrated  that  the  treatment  of  canine 
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All  recultures  employed  autologous  cells.  The  limited  yield  of  Me  prevented  coculture  with  all  concentrations  of  Leu-Leu-OMe  tested.  There 
was  no  CFU-GM  growth  when  untreated  PBMC  l  bet  ween  10  to  6x10  /ml)  were  cultured  without  marrow  cells. 

The  concentration  of  marrow  cells  treated  was  constant  at  20Xl!)’/ml. 


Tablk  2.  Recipients 

i  conditioned  with  920  c(i 

iy  TBI  and 

receiving  Leu-Leu-OMe  treated  autologous  marrow  ‘ 

D.ig  II) 

(Leu  Leu OMeT 
iuMi 

Nil  viable 
treated  BMC 
in I’u -ed  t  Ilf  'kg>‘ 

Sur\  j\;*l 
idays  post 
BMT) 

<  ause  ol  deat  li 

Marrow  cellularitv 

C563 

1000 

1.4 

152 

Sodium  pentothal  ' 

N'ormocellularity  (9  cell  lines) 

BB87U1 

1000 

0.7 

19 

Sodium  pentothal 

75 rf  of  Norm ocellu la rity  (9 
cell  lines) 

C622 

1000 

1.41 

>124 

Still  living 

Normocel hilarity  (9  cell  lines) 

C521 

2000 

0.052 

20 

Pneumonia;  sepsis 

Focal  hematopoiesis 

C58I.I 

2000 

1.67 
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Sodium  pentothal ' 

N'ormocellularity  (3  cell  lines l 

B950 

4000 

1.3 

114 

Sodium  pentothal"' 

Normocellularitv  (3  cell  lines! 

( '662 

4000 

1.5 

112 

Sodium  pentothal  ' 

Normocellularity  (9  cell  lines) 

Autologous  marrow  aspiration.  BMC  treatment,  and  infusion  on  same  day  as  920  cGy  TRI  to  recipient  (BMT:  hone  marrow  transplant!. 
20x]l)‘  BMC/ml  treated  with  Leu-Leu-OMe. 

Viability  of  hone  marrow  cells  infused  determined  by  trypan -blue  stain  exclusion  technique. 

Sodium  pentothal  injection  for  euthanasia  at  end  of  study. 

The  Leu  Leu  O Me  treated  autologous  marrow  was  frozen  and  stored  at  —80  0  for  one  week  prior  to  reinfusion.  1’he  procedure  for  marrow 
ervopreservation  was  as  described  (26 1. 
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Fku  rk  4.  Hematologic  recovery  in  recipients  conditioned  with  920 
cGy  TBI  and  infused  with  Leu- I.eu-OMe  treated  autologous  marrow. 
The  ordinate  indicates  the  absolute  granulocyte  counts  obtained  daily 
posttransplant  until  death  or  recovery  to  the  normal  range.  The  shaded 
area  represents  the  normal  range  imean  ±  S[)i  of  recovery  observed  in 
16  dogs  conditioned  with  920  cdy  TBI  and  given  untreated  autologous 
marrow  l2Hi. 

marrow  cells  with  Leu-Leu-OMe.  in  a  concent  ration-dependent 
fashion,  could  reduce  or  eliminate  in  vitro  ('FI  -(i.M  growth. 
This  reduction  could  he  partially  reversed  with  the  addition  of 
unfractionated  autologous  PBMC  or  Mo-enriched  [’BMC  hut 
not  with  Mo-depleted  PBMC  or  autologous  [’BMC  treated  in 
vitro  with  Leu-Leu-OMe.  Our  assay  employs  postendotoxin- 
treated  dog  servtm  as  a  source  of  colony-stimulating  factor. 
Reversal  of  the  effects  of  Leu-Leu-OMe  on  CFL-OM  growth 
by  monocytes  demonstrated  the  monocyte  dependence  <>f  this 
('Fl’-fLM  assay  system  and  suggests  that  PHDS  does  not  act 
directly  as  a  single  factor  on  the  granulocyte/macrophage  pro¬ 
genitors. 

Marrows  were  treated  at  two  different  cell  concentrations  in 
anticipation  that  this  procedure  might  he  viseful  for  allogeneic 
marrow  transplantation  in  large  animals  and  possibly  in  man. 
Reduction  or  elimination  of  various  cells  involved  either  in 
response  to  alloantigen  stimulation  I  MIX'.  p(’TL,  CTL)  or  NK 
function  could  be  accomplished  by  treating  PBMC  or  marrow- 
cells  at  20x10’ /ml  with  1000  pM  Leu-Leu-OMe.  The  murine 
models  using  H2-disparate  P— >F,  marrow  donor/recipient  pair¬ 
ing  showed  that  Leu-Leu-OMe  treatment  could  prevent  acute 
GVHD.  The  resultant  chimeras  developed  normal  cellular  im¬ 
mune  responses  and  showed  donor  and  host -specific  immuno¬ 
logic  tolerance  {16).  The  cell  concentration  treated  in  those 
studies  was  2x10’ /ml,  and  the  highest  concentration  of  Leu- 
Leu-OMe  used  was  250  pM.  (’ell  concentration  directly  influ¬ 
enced  the  concentration  of  Leu-Leu-OMe  required  to  achieve 
a  given  effect.  Thus,  in  the  present  study  when  the  ceil  concen¬ 
tration  was  increased  tenfold,  the  concentration  of  Leu-Leu- 
OMe  had  to  be  increased  approximately  fourfold  to  achieve  the 
same  inhibition  of  cellular  immune  functions.  The  potential 
problem  of  larger  cell  numbers  and  expanded  marrow  volumes 
needed  for  the  transplantation  of  larger  animals  can  he  circum¬ 
vented  by  increasing  the  concentration  of  Leu-Leu-OMe. 

Data  in  the  canine  model  suggest  that  Leu-Leu-OMe  should 
be  explored  further  as  a  possible  substitute  for  other  currently- 
used  methods  of  marrow  T  cell  depletion.  It  needs  to  he  deter¬ 
mined  whether  treatment  of  marrow  with  Leu-Leu-OMe  wil! 


leave  behind  a  population  of  cells  that  facilitate  engraft  merit 
and  recovery  of  immunity  while  removing  cytotoxic  T  cells  that 
may  comprise  the  major  population  of  cells  involved  in  the 
development  of  acute  (1YHI). 
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Abstract.  The  effect  of  recombinant  human  granulocyte- 
macrophage  colony-stimulating  factor  (rhGM-CSF)  on  ca¬ 
nine  hematopoiesis  was  evaluated  rhGM-CSF  stimulated 
granulocyte-macrophage  colony  formation  ofcantne  marrow 
depleted  of  accessory  cells  up  to  tenfold.  Stimulation  of  col¬ 
ony  formation  was  abrogated  by  ann-rhGM-CSF  antiserum 
or  heal  inactivation.  rhGM-CSF  also  stimulated  in  vivo  ca¬ 
nine  hematopoiesis  both  when  given  as  continuous  i.v.  in¬ 
fusion  and  as  intermittent  s.c.  injections.  Neutrophil,  mon¬ 
ocyte.  and  lymphocyte  counts  were  increased  three-  to 
eightfold  above  controls,  whereas  values  for  eosinophils,  re¬ 
ticulocytes.  and  hematocrits  were  not  changed.  Bone  marrow 
histology  after  2  weeks  of  treatment  with  rhGM-CSF  showed 
hypercellularity  with  myeloid  hyperplasia  and  left-shifted 
granulocy  lopoicsis.  After  discontinuation  of  rhGM-CSF.  pe¬ 
ripheral  leukocyte  counts  returned  to  control  level  within  .3- 
2  days.  Platelet  counts  decreased  rapidly  a  tier  starting  rhGM- 
CSF.  to  5000-15.000  platelets  mm’,  and  increased  within 
24  h  after  stopping  rhGM-CSF  treatment,  whereas  marrow 
histology  after  2  weeks  of  rhGM-CSF  application  showed  the 
normal  number  and  morphology  of  megakaryocytes 

Key  words:  GM-CSF  —  C  anine  hematopoiesis 


Granulocyte-macrophage  colony-stimulating  factor  (GM- 
CSF)  is  a  T -cell-derived  lymphokine  with  a  broad  range  of 
biological  activities.  It  stimulates  the  proliferation  of  neu¬ 
trophil.  macrophage,  and  eosinophil  colonies  and.  in  the 
presence  of  erythropoietin,  supports  the  proliferation  of  cry - 
throid  and  megakaryoo  tic  progenitors  (1-3].  GM-CSF  also 
represents  an  important  functional  activ  ator  of  granutoev  tes 
and  monocytes  (2.  3],  Human  GM-CSF  in  its  native  form  is 
a  variably  glycosylated  protein  with  a  molecular  weight  of 
I  5.000—3  1 .000  daltons  [3],  The  cloning  ol  the  gene  encoding 
human  GM-CSF  | -4 — H )  and  ihc  expression  of  this  recombi¬ 
nant  prolein  in  yeasi  |R).  mammalian  cells  ]I0].  and  /  sch 
crtchta  it’ll  (I  1]  made  n  possible  lo  study  ihe  biological  ac¬ 
tivities  ol  this  hormone  in  v  itro  and  in  vivo 

This  studv  describes  cumulation  of  canine  granulocy. e- 
macrophage  colony -forming  unit  ICFC-GM)  colony  for¬ 
mation  and  increase  of  dog  peripheral  blood  neutrophils. 


Address  reprint  requests  to  Dr  Friedrich  G  Schuening.  1  red  Hutch¬ 
inson  Cancer  Research  Comer  I  I  24  Columbia  hired,  Seaiile.  W 
48104.  USA 


monocytes,  and  lymphocytes  by  recombinant  human  GM- 
CSF  (rhGM-CSF). 


Materials  and  methods 

Experimental  animals.  Twelve  dogs  of  both  sexes  and  various  breeds 
(beagles,  foxhounds,  or  mongrels).  6-14  months  of  age.  were  treated 
with  rhGM-CSF  or  were  used  as  a  source  of  marrow  for  in  vitro 
culture  assays.  Animals  were  cilher  raised  at  the  Fred  Hutchinson 
Cancer  Research  Center  (FHCRC)  or  purchased  from  commercial 
US  Department  of  Agriculture  licensed  dealers.  Dogs  were  quar¬ 
antined  on  arrival  fora  minimum  of  2  months  before  being  released 
for  use.  All  dogs  were  dewormed  and  vaccinated  for  rabies,  distem¬ 
per.  leptospirosis,  hepatitis,  and  parvovirus.  They  were  housed  in 
an  American  Association  lor  Accreditation  of  Laboratory  Animal 
(  are  accredited  facility  in  standard  indoor  runs,  and  prov  ided  com¬ 
mercial  dog  chow  and  chlorinated  tap  water  ad  libitum  Animal 
holding  areas  were  maintained  at  70”  -  2°Fwnh50%*  1 0%  relative 
humidity  using  at  least  I  5  air  changes  h  of  100%  conditioned  fresh 
air.  The  dogs  were  on  a  12-h  light  dark  full  spectrum  lighting  cycle 
wuh  no  twilight.  The  protocol  for  this  siudy  was  approved  by  the 
internal  animal  use  committee  of  the  FHCRC. 

rht t  \{  (  S  F  The  rhGM-CSF  used  in  this  siudy  was  prepared  and 
provided  by  Immunex  Corporauon  (Seaiile.  Washington!.  Human 
rhGM-CSF  cDNA  was  isolated  from  a  library  construcled  by  using 
mRN  A  from  l he  human  T -cell  line  HUT  - 1 02  (4).  inserted  inlo  and 
expressed  in  yeast,  and  punhed  to  homogeneity  by  reversed-phase 
high-pertormance  liquid  chromatography  [S]  The  purified  rhGM- 
(  SF  had  a  specific  activity  of  -5  *  10'  colony-forming  units,  mg 
of  protein.  Ii  consisted  of  three  molecular  weight  species  of  1  5.500, 
1 6.MJ0.  and  1 9.5O0  daltons.  due  to  differences  in  gly  eosv  la  I  ion  The 
three  species  were  present  in  approximaiclv  equal  proportions  Endo¬ 
toxin  coniammaiion  was  -  I  ng  mg  ol  prolein  as  measured  hv  ihe 
l. Hindus  amebocyte  lysate  assay 

Rabbit  antiserum  to  rhtiM  (  SF  Rabbit  antiserum  to  rhGM-l  SF 
was  provided  bv  Immunex  Corporation  and  was  prepared  bv  im¬ 
munizing  rabbits  wnh  punhed  rhGM-CSF  The  animals  were  bled 
10  days  following  the  Iasi  immunization  Serum  dilution  ol  I  100 
was  effective  in  neutralizing  30  ng  ml  ol  rhCi\1-(  SF  in  ihe  human 
hone  marrow  proliferation  asvav 

treatment  ol  Joys  ntth  rht,  U-CSl  Dogs  were  given  rhGM-(  SI 
either  v  t  three  times  a  dav.  or  hv  eonlmuouv  i  v  infusion,  using  a 
central  venous  catheter  jnd  a  portable  intusion  pump  i  Inlumcd  2n(). 
Med  Fusion  Svslcms  Incorporaied.  Norcross  Gcurgiji  (  cnlral  ve¬ 
nous  catheters  were  inserted  under  general  anesthesia  through  ihe 
external  jugular  vein  7  Javs  before  starling  the  experiment  to  allow 
tor  healing  ol  the  wound  T  he  catheter  was  connected  to  an  Intumed 
200  portable  inlusion  pump,  which  was  placed  in  a  lacket  fitted 
around  Ihc  trunk  ol  the  clog  Ihe  reservoir  ol  the  pump  wjc  tilled 
cl.nlv  wuh  lu.  Ml.  or  ‘ill  ug  kg  rhGM-l  SI  in  no  ml  uo-o  Nat  l 
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Fig.  1.  Effect  of  rKiM-GSF  an  canine  CFU-GM  colony  formation 
MNC  (3  *  10*  plate]  depleted  of  monocytes  and  T-lymphocytes 
were  cultured  for  10  days  in  agar  medium  without  and  with  addition 
of  rhCiM-C'SF  at  decreasing  concentrations.  Culture  cere  plated  in 
triplicate  Data  represent  mean  values  1  I  SD  of  two  separate  ex¬ 
periments. 


containing  1%  normal  dog  serum.  The  infusion  rate  was  2  5  ml  h 
at  an  accuracy  of  *  5%.  Control  dogs  received  either  human  serum 
albumin  or  heat-inactivated  rhCi.M-t  SF  (I00"(\  30  min). 

Marrow  aspiration  and  biopsy  For  marrow  aspiration  dogs  were 
anesthetized  by  i.v.  injection  of  Fentanyl  (Innovar-Vet)  at  0.03  mg 
kg  The  collection  site  was  asepticalls  cleansed  with  a  povidone- 
lodine  scrub  and  alcohol  rinse.  Hone  marrow  was  obtained  Irom  the 
humoral  condyle  via  needle  aspiration  using  a  sterile  20-ml  syringe 
and  1 4-gauge  disposable  needle.  Bone  marrow  was  collected  ( ID  ml) 
from  each  dog  at  3-w  k  intervals.  Marrow  biopsies  were  obtained 
from  the  humoral  condyle  using  Jamshidi  bone  marrow  needles 
(  American  Pharmaseal  Company  .  Valencia.  Calilornia) 

Depletion  ol'monoevtes  and  Tlvmphoevtes  Irom  marrow  Hone  mar¬ 
row  was  diluted  1:3  with  RPM1- 1640  medium  ( M  A  Hioproducts. 
W alkersville,  Maryland)  and  separated  b\  density  gradient  centrif¬ 
ugation  over  Ficoll-My  paque  (density  1.077  g  ml)  at  1000  e  for  '0 
min  Cells  at  the  interface  were  washed  tw  ice  in  K  PM  1  - 1 640  medium 
and  resuspended  at  7  «  lO*  mononuclear  marrow  cells  (MNC  )  per 
ml  in  KPMI-1640  medium  containing  10%  fetal  calf  serum  (PCS. 
(IIUCO.  Grand  Island.  New  York)  To  remove  monocytes.  15  ml 
of  this  cell  suspension  were  incubated  for  I  h  at  17V  in  a  humid 
atmosphere  of  10%  CO.  in  air  in  the  presence  of  200  mg  carbonyl 
iron  following  incubation,  the  cells  containing  carbonyl  iron  were 
removed  by  a  strong  magnetic  held  Ihe  remaining  momx\te-dc- 
pleted  cells  were  then  depleted  of  r  iymphocvtes  bv  direct  panning 
using  anti- fhy  I  monoclonal  antibodv  tm.Ab)  F3-20-7  1 1  2]  Protein 
\-Sepharose-purihed  mAh  f  3-20-7  was  diluted  wuh  phosphate- 
buffered  saline  (Pits  pH  7  2)  to  a  final  concentration  ol  NO  ug  ml 
Six  ml  of  mAh  containing  PBS  were  pipetted  into  75-cm  earned 
neck  Husks  (Coming.  <  ornmg.  New  York)  and  incubated  for  40  nun 
ai  4  ’(  (  Tasks  were  (hen  genilv  washed  live  times  with  calcium-  and 

magnesium  Tree  PBS  Marrow  cells  were  suspended  in  calcium-  and 
magnesium  tree  Mariks’  solution  iG I H(  ( ))  containing  20  eg  II I  PI  S 
l(  ilBt  O)  and  2"o  I  <  S  at  a  coiKenirauon  ot  1  ■  In  MN(  ml  I  p 
to  I  5  ■  |o  MN(  were  incubated  in  each  llask  at  4(  (or  t  h 
I  nadac  hed  cells  were  removed  and  panning  was  repealed  (wo  more 
limes  Alter  depletion,  marrow  contained  2"n  moiioc  v  tes  as  mea¬ 
sured  by  morphologv  l  tie  el!u  lent  v  ol  I  lv  mpliot  v  le  depletion  was 
determined  bv  incubating  marrow  cells  with  mAh  I  3-20. ’  at  sat¬ 
uration  lor  30  min  at  4°(  I  he  cells  were  then  washed  nut  iru  ul'.itc  cl 
with  a  I  20  dilution  of  tluorescein  isothtoc  vanate-c  onnigated  I  lair  I 
fragments  ol  goat  andmouse  Igtr  (lago.  Burlingame  «  alilounai 
After  further  washing,  tells  were  analv/ed  using  a  lluoresi  ertc  e  at - 
(ivaled  cell  sorter  If  At  S  440.  Ilecton  Dickinson  I  At  S  Systems. 


Experimental  Hematology  v  ol  l?(19bU) 

Mountains  lew.  California)  1  ess  than  2"'  lhy-1  positive  cells  were 
delected 

(II  (il/iAUi  (  (l  -GM  assavs  were  carried  out  as  described  1 1  3. 
14]  MNC  separated  over  a  I  icoll-H v paque  gradient  and  depleted 
til  monocy  tes  and  I  -lv  inphocy  tes  as  described  abov  e  were  cultured 
at  0  04  ■  10’  plate  for  10days.it  4"V  m  a  humidified  10%  (  O 
incubator  in  35-mni  plastic  petri  dishes  containing  2  ml  of  agar 
medium.  I  he  agar  medium  consisted  ot  an  equal  volume  mixture 
oft)  6“ a  ( wt  vol)  Bacto-.Agar  I Difco.  Detroit.  Michigan)  and  double¬ 
strength  Dulbecco’s  modified  Eagle's  medium  (GIBGO)  containing 
40%  (vol  vol)  heat -inactivated  ECS.  Postendotoxin  dog  serum  or 
rhGM-(  SI  was  added  to  the  petri  dishes  (0  I  ml  plate)  prior  to  the 
agar-medium  mixture  containing  the  hone  marrow  cells. 

Results 

Stimulation  of  canine  C  '/■(  colony 
formation  bv  rhtiM-t.  'SF 

Recombinant  human  GM-CSF  was  added  to  the  CFU-GM 
cultures  at  different  concentrations.  Culture  plates  without 
any  addition  of  growth  factor  served  as  negative  con’rol  and 
plates  with  10%  postendotoxin  dog  serum  as  positive  control. 
In  two  separate  experiments,  an  up  to  tenfold  summation  of 
canine  CFU-GM  colony  formation  by  rhGM-CSF  was  ob¬ 
served  compared  to  the  negative  control  (Fig.  1 ).  In  a  separate 
experiment.  rhCAl  -(  SF  was  either  incubated  for  30  min  w  ith 
anti-rhGM-C  SF  antiserum  (diluted  1:100)  or  heat-inacti- 
vated  at  I00°C’  lor  30  min  before  tdding  the  growth  factor 
to  the  culture  plates.  The  unmampulatcd  rhGM-CSF  stim¬ 
ulated  CFU-GM  colony  formation  up  to  fourfold  compared 
to  the  negative  control.  Recombinant  human  GM-CSF  treat¬ 
ed  with  either  ant  t -rhGM-CSF'  antiserum  or  heat  inactivation 
did  not  show  any  stimulatory  activ  ity  above  the  colony  growth 
in  the  negative  control  (Table  1 ).  Anti-rhGM-CSF  antiserum 
by  itsell  cl  id  not  have  any  effect  on  CFU-GM  colony  growth 
(data  not  shown)  These  results  are  consistent  with  the  notion 
that  rhGM-CSF  specifically  interacts  with  canine  CFU-GM. 

Stimulation  ol  hematopoiesis  in  days  bv 
continuous  i  i  inlusum  ol  rh(i\l  (  SI 

Three  dogs  were  treated  with  If).  30  or  90  wg  rhGM-CSF 
per  kg  day  by  continuous  i.v.  infusion  for  14  days.  Recom¬ 
binant  human  GM-(  SF  was  well  tolerated  and  no  systemic 
toxicity  was  observed  over  the  dose  range  studied.  Dogs 
showed  increased  neutrophil  counts  v.uhin  24  h  of  starting 
the  infusion  (F  ig  2a)  By  d.iv  14  neutrophil  counts  reached 
levels  that  were  three  to  six  limes  higher  than  the  prcinlusion 
counts  and  those  of  two  control  dogs  receiving  either  con¬ 
tinuous  i.v  mlusion  of  10  ug  of  human  scr  am  .•Ibunitn  per 
kg  dav  for  14  davs  (range  indicated  bv  two  horizontal  lines) 
oi  40  t,g  heat-inactivated  ihGM-(  SI  per  kg  day  The  mar- 
tows  in  r  he  i\1  -(  SI  treated  dogs  on  day  I  4  were  hv  percellul.ir 
with  m  v  el  old  hy  pet  plasia  amt  lclt  -  shi  Bed  gran  til oc  y  topoiesis 
Alter  discontinuation  ol  ih(iM-(  SI  .  the  neutrophil  counts 
i  et  urned  to  c  ontrol  lev  els  w  it  Inn  3-7  dav  s  Whereas  neutt  o- 
pnil  counts  increased  at  all  thiee  dosages  ol  ihGM-(  SI  io 
about  the  same  extent  monoivte  .aid  Ivmpltocvte  counts 
were  maikedlv  imteased  (eight-  and  two-  to  loutlold  te- 
spectivelv)  onlv  at  the  two  hiphci  rhGM-<  SI  dosages  (I  tg 
2b  and  v)  I  osmoplul  and  teliculocy  le  counts  and  hemato 
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F  able  1.  Stimulation  ot \anme  (  F  I  -GM  colons  formation  b>  rhG\1-(  SF 
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MNC  (3  *  JO4  plate)  depleted  of  monootes  and  T-lsmphocytes  were  cultured  for  JO  days  in  agar  medium  without  and  with  rhCiM-CSF  at 
decreasing  concentrations.  Cultures  were  plated  in  triplicate.  C  olons  numbers  represent  mean  salue  r  1  SD.  Feds.  postendotoxin  dog  serum; 
urGM-CSF.  anti  GM-CSF  antiserum. 


Fig.  2.  F  ol  continuous  1 1  4  day)  i  s .  infusion  of  rhGM-(  SF  on  peripheral  blood  neutrophils  ( a  I.  monocytes  ib).  Is  mphoes  les  (c).  and 
platelets  tdl  ol  lour  normal  dogs  Recombinant  human  ( jNl-(  SF  »as  gisen  at  10  l#l.  30  (■).  or  90  (A)  ug  kg  das  \  control  dog  rcccised  30 
*g  heat-inastisatcd  1  lnOV.  3o  mini  rhGM-C  SF  per  kg  das  O.  The  tsso  horizontal  lines  indicate  the  range  ol  the  peripheral  blood  counis  of 
a  control  dog  gisen  continuous  i  s  mlusion  of  10  pg  human  scrum  albumin  per  kg  das  lor  14  dass.  1  he  open  triangles  in  d  represent  the 
platelet  counts  of  a  control  dog  receis  mg  continuous  i  s  saline  inlusion  lor  1 4  das  s.  the  open  ,  i roles  represent  the  platelet  counts  ol  a  control 
receiving  a  continuous  i  s  infusion  ol  10  wg  human  serum  albumin  per  kg  das  for  14  class 


crus  during  rhC»M-CSF  infusion  were  similar  to  the  pretn- 
I’uMon  les  els  and  the  levels  in  the  control  dogs  receiving 
human  serum  albumin  or  heal-inactis  ated  rhC iM-f  SF  (data 
not  show  n ) 

The  three  dogs  receiving  active  rh(i.\l-(  SF  showed  de¬ 
clines  in  platelet  counts  with  nadirs  ranging  from  5000  to 
15.000  mm'  (Fig  2d).  Alter  discontinuing  the  infusion  of 
rhGM-CSF.  platelet  counts  increased  rapidly  above  pre-in¬ 


fusion  levels.  By  companson,  the  platelet  counts  of  a  saline 
control  remained  s  irtualls  unchanged,  whereas  the  cviunts  of 
a  human  serum  albumin  control  decreased  alter  10  days  of 
mlusion  to  about  lot). 000  The  control  dog  receiving  heal- 
inactivated  rh(j.M-(  SF'  also  had  a  decrease  of  pla’  ’ -ts  to 
about  100.000  mm‘.  but  this  decrease  occurred  4  class  after 
rh(iM-f  SF  infusion.  Bone  marrow  histology  on  das  14  of 
rhtiM-CSF  infusion  showed  normal  number  and  morphol- 
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Fig.  3.  EfTect  of  intermittent  (three  limes  a  day  I  s  c.  injection  (14  davs)  of  rhGM-C'SF  on  peripheral  hlocxl  neutrophils  (a),  monocytes  (b).  s 

lymphocytes  (c),  and  platelets  (d)  of  two  normal  dogs  Recombinant  human  GM-C'SF  was  given  at  30 1#)  or  1 80 (ai ug  kg  day .  For  comparison, 
the  results  seen  in  a  dog  receiving  30  ug  kg  day  rhGM-C'SF  by  continuous  i.v.  infusion  are  shown  (O).  The  two  horizontal  lines  indicaie  the 
range  of  the  peripheral  blood  counts  of  a  control  dog  given  continuous  i.v.  infusion  of  10  ug  human  scrum  albumin  per  kg  day  for  14  days. 

The  open  triangles  in  d  represent  (he  platelet  counts  of  a  control  dog  receiving  connnuous  i.v.  saline  infusion  for  14  days 


ogy  of  megakaryocytes.  Preliminary  results  of  platelet  sur¬ 
vival  studies  using  "C'r-labeled  autologous  platelets  suggest 
that  platelet  survival  is  decreased  to  50%  of  normal  in  the 
first  week  after  starting  rhGNl-CSF  infusion,  compared  to 
normal  survival  times  in  dogs  given  saline  or  human  serum 
alhunun 

Stimulation  ol  hematopoiesis  in  Jogs  hv 
intermittent  s.c.  inteetion  ot  rlid.M  C  Si 

One  dog  was  treated  w  ith  30  ug  rhGM-C'SF  per  kg  day  and 
two  dogs  received  180  ug  rhGM-C'SF  per  kg  day  by  inter¬ 
mittent  s.c.  injections  three  times  a  day  lor  14  days.  The  s.c. 
administration  of  rhGM-C'SF  was  well  tolerated  and  no  sys¬ 
temic  toxicity  was  observed  over  the  dose  range  studied. 
Recombinant  human  GM-C'SF  at  a  dose  of  30  ug  kg  day  s  c. 
increased  the  neutrophil  counts  twofold  compared  to  the 
preinfusion  counts  and  those  ot  a  control  dog  receiving  10 
ug  human  serum  albumin  per  kg  tlay  by  continuous  i.v.  in¬ 
fusion  for  14  days  (range  indicated  by  two  horizontal  lines) 
(Fig.  3a).  Monocyte  and  lymphocyte  counts  were  not  in¬ 
creased  (Fig.  3b  and  c)  An  s.c.  dose  of  180  ug  rhGM-C'SF 
per  kg  day  increased  the  number  of  neutrophils  fivefold  above 


control  (Fig.  3a).  and  monocy  te  and  ly  mphocy  tc  counts  were 
increased  fivefold  and  f  .urfold.  respectively  (Fig.  3b  and  c; 
data  from  the  second  dog  were  similar  and  arc  not  shown). 
C  ompared  to  results  obtained  by  continuous  i.v.  infusion  of 
30  ug  rhGM-C'SF  per  kg  day.  the  intermittent  s.c.  injection 
of  the  same  amount  of  rhGM-C'SF  seemed  to  be  less  elfeciiv  e 
in  stimulating  peripheral  blood  counts  (Fig.  3a-e). 

Platelet  counts  decreased  to  only  about  1 00.01 1()  mm' when 
30  ug  kg  day  of  rhGM-C'SF  was  given  s.c.  (fig.  3d  1:  with  a 
dose  ol  ISO  ugkgday.  platelets  declined  to  10.000  mm', 
similar  to  what  was  seen  with  continuous  i.v  infusion  of  30 
ug  kg  day 

Discussion 

This  study  shows  that  rh(iM-C  SF  stimulates  canine  hema¬ 
topoiesis  in  vitro  as  well  as  in  vivo  Recombinant  human 
GM-C'SF'  increased  C'FG-GM  colony  formation  of  canine 
marrow  depleted  of  accessory  cells,  suggesting  that  rhGM- 
C’SF  acts  directly  on  canine  (  FI  iM  Stimulation  ol  canine 
C’FU-GM  hy  rhCiM-C  SF  seems  to  he  specific  because  neu¬ 
tralization  with  rabbit  antiserum  directed  against  rh(  iM-(  SF. 
as  well  as  heat  inactivation,  abrogated  the  stimulatory  ca- 
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paaly  of  the  growth  factor.  Endotoxin  as  a  possible  cause  of 
colony  stimulation  is  unlikely  because  the  GM-C’SF  used  was 
endotoxin  free. 

Infusion  of  rhGM-CSF  into  dogs  resulted  first  in  a  fast, 
but  transient,  elexalion  of  neutrophil  counts  beginning  24  h 
after  starting  infusion.  This  initial  increase  was  most  likely 
due  to  demargination  or  release  of  mature  cells  from  the 
marrow  (15).  It  was  followed  by  a  gradual  and  sustained 
increase  in  circulating  neutrophils  during  the  2-week  treat¬ 
ment  period  consistent  w  ith  increased  production  of  neutro¬ 
phils  in  response  10  rhOlvi-CST.  Tins  ossn...p'..on  was  con¬ 
firmed  by  the  finding  of  increased  bone  marrow  cellulariiy 
with  myeloid  hyperplasia  and  left-shifted  granuiocytopoiesis 
on  day  14  of  treatment  w  ith  the  factor.  After  discontinuation 
of  rhGM-CSF,  the  neutrophils  returned  to  baseline  level 
within  3-7  days,  indicating  that  the  effect  of  rhGM-CSF  is 
only  transient  At  higher  dosages  rhGM-CSF  stimulated 
ly  mphoid  progenitor  cells.  Because  ly  mphoid  cells  have  been 
reported  to  lack  receptors  for  rhGM-CSF  [16],  t  as  stimu¬ 
lation  is  likely  to  be  mediated  through  accessory  cells.  Pe¬ 
ripheral  monocy  te  counts  were  also  increased  by  rhGM-CSF 
whereas  no  elevations  of  eosinophil,  reticulocyte,  and  platelet 
counts  were  seen.  rhGM-CSF  also  stimulated  hematopoiesis 
when  given  by  intermittent  s.c.  injection,  although  s.c.  doses 
needed  to  obtain  given  elevation  in  neutrophil  levels  were 
higher  than  i.v.  doses. 

The  stimulatory  activity  of  rhGM-CSF  in  dogs  showed 
similarities  with  but  also  differences  from  that  in  nonhuman 
primates  [17]  and  in  mice  [18].  Leukocyte  counts  both  in 
dogs  and  monkeys  reached  levels  up  to  six  times  above  con¬ 
trols,  mainly  due  to  increases  in  neutrophils.  However,  eo¬ 
sinophil  counts  remained  unchanged  in  dogs,  but  were  in¬ 
creased  up  to  30-fold  in  monkeys.  After  rhGM-CSF  infusion 
was  stopped,  peripheral  leukocyte  counts  in  dogs  returned  to 
control  level  within  3-7  days,  similar  to  results  in  monkeys. 
Mice  injected  i.p.  with  recombinant  murine  GM-C'SF  de¬ 
veloped  only  a  twofold  increase  in  blood  neutrophils  [18). 
In  contrast,  a  10-  to  100-fold  rise  of  neutrophils  and  eosin¬ 
ophils  and  an  up  to  15-fold  increase  of  macrophage  counts 
in  the  peritoneal  cavity  was  seen.  Neutrophils  and  monocytes 
were  also  increased  in  liver,  lung,  and  spleen,  whereas  the 
number  of  myeloid  cells  in  the  bone  marrow  remained  un¬ 
changed.  The  elfect  of  GM-C'SF  on  murine  hematopoiesis 
seems  to  be  different  from  the  one  observed  m  monkeys  and 
dogs.  This  may  be  due  to  the  i.p.  route  of  administration. 

Recombinant  human  GM-CSF  increases  peripheral  blood 
neutrophils,  eosinophils,  and  monocytes  in  cylopenic  pa¬ 
tients  with  myelodysplastic  syndiomc  [  1  5.  i9],  aplastic  ane¬ 
mia  [  1 9],  acquired  immunodeficiency  syndrome  (AIDS)  [20], 
and  primary  or  secondary  bone  marrow  failure  (2  I  ]  In  some 
ol  these  patients  an  improvement  of  reticulocyte  and  platelet 
counts  was  also  obscrv ed  [15.  19.  2  1  ].  although  this  was  not 
a  consistent  finding  Recombinant  human  GM-C'SF  also 
shortens  the  period  of  neutropenia  alter  chemotherapy -in¬ 
duced  myclosuppression  [22]  and  after  autologous  marrow 
transplantation  in  nonhuman  primates  [23.  24]  and  in  man 
[25,  26], 

With  both  continuous  i  s  .  as  well  as  intermittent  s.c.  ap¬ 
plication  of  rhGM-CSF.  we  observed  a  rapid  drop  of  platelet 
counts  in  dogs.  Because  bone  marrow  histology  showed  nor¬ 
mal  numbers  and  morphology  of  megakaryocytes  and  be¬ 
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cause  platelets  increased  alter  discontinuing  rhGM-(  ST  in¬ 
fusion  rapidly  abuse  pre in  fusion  levels,  it  seems  unlikely  that 
the  thrombocytopenia  sxas  caused  by  a  deficient  platelet  pro¬ 
duction  in  the  marrow  Preliminary  experiments  showed  a 
decreased  survival  ol  ‘  (  r-labeled  autologous  platelets  fol¬ 
lowing  infusion  of  rhGM-CSF  I  he  cause  of  this  complica¬ 
tion  is  currently  unclear 

T  he  elfect  ol  rhGM-CSF  on  platelet  counts  in  man  is  un¬ 
clear  and  may  depend  on  the  clinical  situation,  but  severe 
thrombocytopenia  seems  to  be  an  exceptional  complication. 
tadhan-Raj  et  al  reported  that  three  of  eight  patients  with 
myelodysplastic  syndrome  treated  with  rhGM-CSF  showed 
increases  in  platelet  counts,  whereas  two  patients  had  tran¬ 
sient  decreases  (I  5).  Anon  et  al.  did  not  observe  any  effect 
on  platelet  counts  when  treating  patients  w  ith  aplastic  anemia 
or  myelodysplastic  syndrome  with  rhGM-CSF  [19],  Simi¬ 
larly.  Groopman  et  al.  did  not  see  any  changes  in  platelet 
counts  in  leukopenic  AIDS  patients  receiving  rhGM-CSF 
(20).  In  contrast.  Amman  et  al.  reported  that  in  patients  with 
sarcoma  and  normal  peripheral  leukocy  te  and  platelet  counts, 
platelet  counts  decreased  during  treatment  with  rhGM-CSF 
[22].  A  patient  treated  with  rhGM-CSF  because  of  poor  en- 
graltment  after  autologous  marrow  transplantation  for 
nonHodgkin's  lymphoma  developed  diffuse  thrombocyto¬ 
penic  bleeding  during  the  infusion  of  rhGM-CSF  that  stopped 
when  rhGM-CSF  infusion  was  discontinued  (S.  Slichter.  per¬ 
sonal  communication).  Brandt  et  al.  described  no  consistent 
effect  of  rhGM-CSF  on  platelet  counts  in  patients  with  breast 
cancer  or  myeloma  treated  with  high-dose  combination 
chemotherapy  and  autologous  bone  marrow  transplantation 
support  [25].  Nemunaitis  o'  al.  observed  in  a  retrospective 
comparison  accelerated  recov  ery  of  platelet  counts  after  au¬ 
tologous  marrow  transplantation  for  lymphoid  malignancies 
when  rhGM-CSF  was  given  [26].  Accelerated  platelet  recov¬ 
ery1  with  rhGM-CSF  was  also  described  in  two  reports  on 
monkeys  transplanted  with  autologous  marrow  [23,  24], 

In  summary  ,  we  ha'  e  shown  that  rhGM-CSF  cross-reacts 
with  canine  hematopoietic  progenitor  cells.  It  stimulates  in 
vitro  CFC-GM  colony  formation  specifically  through  direct 
stimulation  of  canine  hematopoietic  progemtorcells.  Recom¬ 
binant  human  GM-CSF  also  stimulates  in  vivo  canine  he¬ 
matopoiesis  both  w  hen  given  as  continuous  i.v.  infusion  and 
as  intermittent  s.c.  injections. 
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Letter  to  the  Editor 

Response  to:  ‘Are  solitons  responsible  for  energy  transfer  in 

oriented  DNA?’ 


Experiments  bv  Arroyo  et  al.  ( 1 986)  indicated  that  tree  radical  yields  in  oriented 
DNA  exposed  to  neutrons  depend  on  the  orientation  of  the  DNA  molecules  relative 
to  the  direction  of  the  incident  radiation  dux.  This  effect  could  be  explained 
provided  a  large  asvmmetry  in  the  transport  of  energy  existed  in  the  oriented  DNA 
sample  (Miller  et  al.  1988). 

Quantitative  calculations  assumed  an  asymmetry  of  a  thousand  tor  the  ratio  of 
parallel  to  perpendicular  transport.  Although,  the  carrier  of  this  excess  energy  was 
not  identified,  Monte  Carlo  calculations  predicted  an  average  energy  migration 
distance  of  the  order  of  50  to  1  50  nm.  Baverstock  and  Cundall  ( 1 989)  have  recently- 
suggested  that  the  carrier  could  be  a  soliton-like  state  since  these  quasi  particles 
have  been  shown  to  exist  in  other  polymeric  systems  and  are  known  to  transfer 
energy  without  loss  ox  er  large  distances  (Heeger  el  al.  1988).  There  is  no  direct 
experimental  evidence  supporting  this  view;  nevertheless,  it  is  an  attractive  hypo¬ 
thesis  since  singlet  and  triplet  exciton  migration  within  the  DNA  is  probably- 
limited  to  at  most  10  30  base  pairs  due  to  the  effects  of  diagonal  disorder  and  their 
short  lifetime. 

Several  experiments  support  the  latter  contention.  We  note  that  the  fluorescence 
of  double  stranded  DNA  at  77K  is  considerably  red-shifted  and  broadened  as 
compared  to  that  observed  in  the  corresponding  mixtures  of  mononucleotides 
(Eisinger  and  Lamola  1971)  and  is  ascribed  to  exciplex  formation  between  neigh¬ 
boring  stacked  bases.  Since  exciplexes  have  low  er  energy  than  individual  bases  their 
energy  cannot  be  transferred  to  other  bases;  hence,  the  excited  singlet  state  is 
trapped.  Exciplex  formation  is  a  rapid  process,  estimated  to  be  the  order  of  10' 2s  ~  1 
(Birks  1970),  and  thus  any  singlet  transfer  of  energy  must  occur  prior  to  relaxation. 
The  maximum  singlet  transfer  distance,  ds ,  can  be  estimated  from  the  relationship, 
d2  =  2 Fa2tr,  where  Fis  the  nearest  neighbour  Forster  transfer  rate,  presumably  the 
order  of  101 3  s  1  if  transfer  is  to  occur  before  exciplex  formation,  a  is  the  neighbour 
base  pair  stacking  distance;  0-34  nm  in  B-DN  A  and  lT  is  the  trapping  time,  the  order 
of  the  exciplex  formation  time  ^10~l2s;  hence,  rf„~l-5nm.  Transfer  distances 
this  short  are  consistent  with  reported  data  tin  thymine  phosphorescence  (/p)  at  77K 
as  a  function  of  adenine-thymine  (A-T)  content,  which  demonstrated  that  the 
linear  dependence  of  /p  1  on  n~'  (n  the  number  of  base  pairs)  could  only  be 
reconciled  with  singlet  before  relaxation  transfer  because  only  excitations  trapped 
on  A-T  sites  give  rise  to  the  thymine  triplet;  whereas,  sii  glet  states  on  guanine- 
cystosine  (G-C)  sites  are  rapidly  quenched  (Gueron  and  Shulman  1968). 

The  probability  of  energy  transfer  in  the  DNA  triplet  state  has  been  discussed 
by  Eisinger  and  Lamola  (1971),  Gueron  and  Shulman  (1968)  and  others.  For  our 
purpose  we  note  here  that  the  most  definitive  experimental  evidence  for  triplet 
migration  is  the  quenching  of  DNA  phosphorescence  by  metal  ions  (Isenberg  et  al. 
1967).  From  such  experiments  it  has  been  inferred  that  the  number  of  bases 
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quenched  by  \i' Co2* ,  and  Mu’"  ions  are  17,  14  and  10,  respectively.  These 
values  correspond  to  transfer  distances  of  approximately  1-5,  1-2,  and  0-8  nm, 
respectivelv  and  are  somewhat  larger  than  those  calculated  theoretically  by 
Forster’s  equation  (1’ope  and  Sw  enherg  19X2).  For  this  reason  the  data  are 
currently  taken  to  he  indicative  of  triplet  base  to  base  migration  as  opposed  to  a 
single  Forster  transfer.  These  experimental  results  and  other  (see  Helene  1973) 
strongly  support  our  contention  that  excitation  migration  in  DNA  of  heterogeneous 
base  composition  is  short  range;  this  is  in  contrast  to  the  very  efficient  energv 
migration  for  triplet  states  in  both  polyadenylic  acid  and  in  adenosine  aggregates 
(Helene  1973). 

Charge  transport  through  the  stacked  DNA  bases,  estimated  by  Van  Lith  et  al. 
(198b)  to  be  of  the  order  of  9nm,  or  along  the  phosphate-sugar  backbone  is  also 
not  sufficient  to  explain  transport  over  distances  large  enough  to  account  for  the 
enhancement  in  the  TH-  radical  formation  at  77K  for  parallel  irradiation  configur¬ 
ation  relative  to  that  observed  in  the  perpendicular  configuration.  Fxperimental  data 
do  support  the  possibility  of  long-range  charge  transport  within  the  structured 
hydration  layer  of  DNA.  Based  on  radiation-induced  conductivity  of  wet  DNA 
samples,  Van  Lith  et  al.  (1986)  concluded  that  excess  electrons  in  hydrated  DNA 
have  a  mobility  comparable  to  highly  mobile  conduction-band  electrons  in  pure  ice 
(25cm2  V1  s'1)  and  a  considerably  longer  lifetime,  which  implies  migration 
distances  in  excess  of  100  nm.  Furthermore,  by  using  the  narrow-band  polaron 
model  (Roberts  et  al.  1980)  to  extrapolate  data  on  proton  mobilities  in  ice  (Keinst 
and  Warman  1983)  to  lower  temperature,  we  estimate  that  proton  mobility  in  the 
hydration  layer  of  DNA  should  be  between  01  and  1cm2  V’'1  s'1  at  77K.  To 
achieve  a  root  mean  square  displacement  of  100 nm,  protons  with  mobility  in  this 
range  would  require  lifetimes  between  4  and  40ns.  Since  lifetimes  of  this  magni¬ 
tude  are  consistent  with  existing  data  on  trapping  rates  for  electrons  and  protons  in 
ice  (de  Haas  et  al.  1983)  proton  migration  in  the  hydration  layer  of  DNA  is  a 
mechanism  to  explain  the  orientation  dependence  on  TH-  yields  that  is  worthy  of 
further  investigation. 

An  alternative  mechanism  that  we  are  considering  is  the  transport  of  vibrational 
and  rotational  energy  along  DNA  chains  by  solitary  wave  motion.  These  collective 
states  have  been  invoked  to  explain  the  hydrogen-deuterium  exchange  reaction  of 
double  helical-polynucleotides  (Nakanishi  and  Tsuboi  1978,  Teitelbaum  and 
Englander  1975).  It  may  be  difficult  to  reconcile  this  model  with  recent  observ¬ 
ations  (Benight  et  al.  1988)  of  base-pair  specificity  in  exchange  rates  and  activation 
energies;  however,  these  data  are  consistent  with  a  spatially-extended  exchanging 
state.  As  a  first  approximation  one  might  consider  the  configuration  formed  by  the 
partial  unwinding  of  the  DNA  helix  over  a  few  base  pairs  as  a  solitary  excitation. 
Estimates  of  their  lowest  energy  (/f0),  size  (/.0)  and  velocity  (r)  have  been  inferred 
by  Yomosa  (1984)  by  comparison  of  a  model  Hamiltonian  calculation  with  the 
temperature  dependence  of  the  equilibrium  constant  for  hydrogen-deuterium 
exchange.  His  results,  which  includes  hydrogen  base  pair  interactions  and  stacking 
energies,  give  E{)  =  0-35  eV,  an  energy  sufficient  for  thymine  anion  protonation, 
/,„  =  10  base  pairs  which  demonstrates  the  non-local  character  of  this  excited  mode 
and  r  =  8-3  x  1()3  cm/s,  a  value  less  than  the  velocity  of  sound  in  DNA  (Hakim  et  al. 
1984).  In  our  model  for  the  formation  of  TH-  radicals  in  the  parallel  irradiation 
configuration  (Miller  et  al.  1 988),  the  radiation-induced  thermal  spike  has  a  lifetime 
of  approximately  1  ns,  a  value  considerably  shorter  than  the  measured  open  state 
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lifetime  of  10  s  reported  by  Gueron  et  al.  (1987).  A  1  ns  lifetime  gives  a  migration 
distance  of  83  nm  for  the  solitary  wave;  a  distance  consistent  with  that  calculated  by 
Monte  Carlo  simulation  of  the  pattern  of  energy  deposition  events.  Although 
Vamosa’s  model  of  open  states  does  not  include  the  DN'A  backbone  bending  energy 
(Ramstein  and  Lavery  1988),  we  feel  that  it  does  provide  reasonable  estimates  for 
the  inferred  parameters  quoted  above. 

We  also  note  that  the  proton  transport  mechanism  discussed  above  can  be 
viewed  as  solitary  wave  motion  in  a  hydrogen-bonded  network  (Pnevmatikos  1988). 
Hence,  as  Baverstock  and  Cundall  (1989)  suggest,  the  soliton  concept  may  prov  ide 
new  insight  into  energy  and  charge  transport  that  are  important  for  understanding 
DNA  damage  by  ionizing  radiation.  However,  more  conventional  theories  like  the 
narrow-band  polaron  model  may  be  adequate  to  explain  the  unusual  observations 
reported  by  Arroyo  et  al.  (1986).  We  fully  agree  with  Baverstock  and  Cundall  that 
ample  experimental  data  exist  to  question  the  conventional  wisdom  that  radiation 
damage  in  living  matter  is  localized  at  the  initial  site  of  energy  deposition. 
Understanding  the  extent  to  which  solitary  wave  motion  contributes  to  delocaliz¬ 
ation  will  require  further  research  with  carefully  selected  model  systems. 
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